Appendix L

Technology Transfer Package



A Preliminary Mechanistic
Evaluation of PCC Cross-Sections

Using ISLAB2000 - A Parametric
Study

Neeraj Buch, Ph.D.

Kaenvit Vongchusiri, M.S.

Michigan State University

Department of Civil and Environmental Engineering
Thomas Van Dam, Ph.D., P.E.

Michigan Technological University

Department of Civil and Environmental Engineering

Technology Transfer Workshop Package
August, 2004






Part |1 ISLAB2000 TULOTTAL.......coveeeeeeeiieiesie sttt 1
PaVEMENT STIUCTUIE ..ot e r e e e e e e s 1
VENICIE LOAA ...ttt e et e e e e e e 5
oYL G =T 0 ] 01T = 1 U] TP UPPRTRPPPIN 8
2 F 1 (o] gAY o] o] o= 11 o o [ 10
ANAIYSIS RESUILS ... 12

Part 11: EXAMPIES ...t 15
Example 1: Interior Loading of @ Single SIab ... 15
Example 2: Edge Loading of a Single Slab...............cccoo i, 23
Example 3: Corner Loading of a Single Slab ..., 28
Example 4: Thermal Gradients on a Single Slab..............ccccooviviiiiiiiiiiiie s 34
Example 5: Interior Loading with Thermal Gradients on a Single Slab ...............ccccovvveveeen. 44
Example 6: Edge Loading with Thermal Gradients on a Single Slab ................ccccois 50
Example 7: Corner Loading with Thermal Gradients on a Single Slab ................ccccconn. 56
Example 8: Single Axle Edge Loading on a Pavement SYStem ............ccccvviieeiieieeiiiniiiiieeeeenn 61
Example 9: Single Axle Edge Loading with Thermal Gradients .............cccccooiiiiiiiiiiins 72
Example 10: Single Axle Corner Loading with Thermal Gradients ..............ccccceeeiiieiiieeeeee. 78
Example 11Single Axle Edge Loading with Various PCC Edge Khigsses.............ccoeeeeeeeeeeennn. 85
Example 12Single Axle Edge Loading with Various Base Thicls®ss....................cceeeeeee. 89
Example 13: Single Axle Edge Loading with Various k-values............cccccccoeeiiiii e, 93
Example 14Single Axle Edge Loading with Various PCC Elastiodli .................ccccvvvieeenen. 97
Example 15: Single Axle Edge Loading with Various Base TYPEeS ........cccccovviiiiiriiieeeeeennnnns 101
Example 16: Repeat Example 13 with a Thermal Gradient ............cccccoviiiiiiiiiieieciiie, 105
Example 17: Repeat Example 14 with a Thermal Gradient ............cccccoiiiiiiiiiiiniiceeiee, 108
Example 18: Repeat Example 15 with a Thermal Gradient ...............cevvveiviiiviiriiiniiiniiiiiiin, 111
Example 19: Single Axle Edge Loading with Various Load Levels.....................ccccevveennnn, 114
Example 20: Tandem Axle Edge Loading with Various Load Levels............ccccceeeeeiiinnnnnnn. 118
Example 21: Tridem Axle Edge Loading with Various Load Levels ........ccccooeeviiiiiiniiinnnnnn. 125
Example 22: Single Axle Edge Loading with Various CTE Values...........ccccccooiviiiiniiiennnenn. 132
Example 23: SiNgle AXIE WANUET ..........uuiiiiiiiiiiiiie e e 136

Contents



Example 24: Single Axle with Various Joint SPacing............cocovvviiiiiiiiiieeeiieiiieeeeeeveeeenenns 149

Example 25: Repeat Example 24 with a Thermal Gradient ............cccccoviiiiiiiiiiiiceei, 159
Example 26: Full-depth PCC Patch, 4 FEEt WIdE ........ccooiiiiiiiiiiiiiiieeeeeee e 165
Example 27: Full Depth PCC Patch. 6 FEet WIde..........ccuvmiiiiiiiieiiiiieeeeeee e 171
Example 28: Full-depth AC PatCh.........cooiiiiiieeecceeee e 178
Example 29: VOid at SIalb COMNEI.........cviiiiiiiiiiiiii s aa e e 183
Example 30: Three-layer SYSIEM .......cooviiiiiiiieieeeeeeeeeeeee e 189
Example 31: Non-linear Temperature ProfileS. ... 193
Part 111: Practice with Actual MDOT DESIgNS ......cceeieiiiiecieir et 199
ProbIem STAEMENT..........eiieieiii et e e e e e e 199

ANSWET KBY ... e e e e e e e e e e e e et e e et e e et ar et 200






Part I: ISLAB2000 Tutorial

Pavement Structure

The first step of modeling using ISLAB2000 is to identify the $tmad features and material
properties of the pavement system. To do so, perform the following procedure.

Step 1: Define Pavement Dimensions, Coordinate System, and FE Mesh Options

To input pavement dimensions, sel€emetry from the main panel. The geometry panel
appears (see Figure 1). In tedirection section, click nsert to add shoulder and lane
dimensions for the pavement system. InYhdirection section, click nsert to add slab
dimensions for the pavement system. Note that ISLAB2000 uses a rectarogutiinate system
with X-direction in the transverse direction and Y-direction in timgitudinal direction, and the
origin is at the left corner of the pavement system.

Joint spacing (IS'slab}

-~ Joint spacing (anslab}
Shoulder width ¥-direction Y-direction

= e — o Joint spacing (Srdslab}
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Figure 1: Geometry Panel

Three default finite element (FE) mesh options are availablese¢24 in.), medium (12 in.),
and fine (6 in.). To define FE mesh other than the defaults, Cliskomize, and then enter a new
nominal element size.

After selecting mesh size, clickenerate and then cliclOK to close the geometry panel and
return to the main panel. Based on the inputs, the main panel displays thepian trie
pavement system as illustrated in Figure 2.
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Figure 2: Plan View of the Pavement System

Step 2: Define Layer Thickness and Typical Parameters for Material Properties

To define the thickness of layers and the design parameters,Lssfecs from the main panel.
The layers panel appears (see Figure 3). @ittt L ayer to enter the number of layers required
for the design.

Humber of layers: E Add Layer | [Melete Layer

Layer 1 I Layer 2 I

REN=R
Thickness:l 10.000
Elastic Mndulus:lm
Foizzon Hatiu:lw
Coefficient of Thermal E:-:pansinn:lm
Lt Weight:l 00870

Interface with above La_l,ler:l Dizable for first Ia_l,lerj

Interface K-value [Tatzki Model):

Desu:riptiu:un:l

&+ Default " Batch " Exceptions | EditBatch | EditE:-:u:eptiu:uns...|

" |Iniform cross zection i~ Maonuniforn cross section | Edit Cross Section | ]

Figure 3: Layers Panel
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After you enter the necessary layers you can enter thgndeaiameters for each layer, including
thickness (in.), elastic modulus (psi), Poisson’s ratio, CTHr(ifAF), unit weight (Ib/ir?), and
interface condition between two layers (only layers beneath B@&). Table 1 lists typical
design parameter values.

Layers Design parameters
Elastic modulus (psi) Poisson's ratio CTE (in./in.fF) Unit weight (Ibfin®)  Interface condition
PCC slab 4,000,000 0.15 5x10° 0.087
Aggregate base 30,000 0.35 2x10° 0.061 Unbonded
Asphalt treated base 300,000 0.35 2x10° 0.061 Bonded/unbonded
Lean concrete base 2,000,000 0.20 4x10° 0.087 Bonded/unbonded
Sand subbase 15,000 0.35 2x10° 0.061 Unbonded

Table 1: Typical values of design parameters for layers module
(Sources: Huang (1993), Klieger and Lamond (1994))

Step 3: Define Subgrade Model and Typical Parameters for Roadbed Soil

To define the design parameter for subgrade model, Sibgtade from the main panel. The
subgrade panel appears (see Figure 4).

i winkler = Wazow
" Sping " Ker

Subagrade E: I [1]

YWazow and ke G:

I—
Kem ko I

Description:
{+ Default
" Batch Edit Batzh...
(" Exceptions Edit Exzeptions ... Ok

Figure 4: Subgrade Panel

Four subgrade models are available in ISLAB2000. In general, Winklerdtands used in the
design. Input for this subgrade modeSishgrade K (modulus of subgrade reaction, psi/in.).
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Step 4: Define Transverse and Longitudinal Joints and Typical Inputs
for Joint Designs

To define design parameters for joint design, sdleicits from the main panel. The joints panel
appears (see Figure Spintsin x-direction andJointsin y-direction are longitudinal and
transverse joints, respectively.

Joints in x-direction

Murnber of jointzs in s-direction: 1

= Specify LTE

{* Specify joint parameters

~LTE
Deflection LTE: |

Joints in y-direction

Murnber of jointz in y-direction: 2

= Specify LTE

{* Specify joint parameters

—LTE

Deflection LTE: |

— Joint parameters — Joint parameters

Joint type: IW TI Joint type: I D owweled j
AGG factor: 1EG AGG factor:
Dowel property 1D: j Dowel property 1D: | Doweell j
Dowel location 1D: j Dowel location 1D: j
[T Exceptions  Edit Exceptions Edit Dowel Properties
[~ Batch Edit Batch E dit Dowel Locations oK

Figure 5: Joints Panel

For longitudinal joints, sele®GG Interlock as the joint type. The value of tA&G factor
parameter is dependent on the stiffness of the joint. For transeense $elecAGG | nterlock
as the joint type for undoweled joints; selBciwveled for the joint type for doweled joints.
Example inputs for doweled joint are described in Example 8 of Part 2.

NOTE

For a pavement system with an area that differs from the rest ofvtbn@at structure, select
Areas from the main panel to define a special area. Example inputs for thenadrile are
described in Examples 23 and 26 through 28 of Part 2.
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Vehicle Load

To define and position the load on the pavement, perform the following procedure.

Step 1: Define the Axle Configuration Model and the Standard Configurations

Selectl oad from the main panel to open the load panel appears (see Figure 6).

{* Place Axles " Place Trucks
Add | [Delete
Axle Humherl Reference Puintl Axle Hame | Z-Location 'T'-Lu-::atiunl Load |
[T Batch Edit Bateh Axle Design k.

Figure 6: Load Panel

From the Load panel, seldeitace Axles and then clickAxle Design to open the axle design

panel (see Figure 7). ISLAB2000 is capable of modeling single, tandem, and tridenTggke

an axle name into thexle Name field, and then enter values for the data requested. If you do not
have axle data specific to your application, use the standard inputs éZlabl
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Axcle Design

Select Axle: [T ST ~| | X ‘[
Y

Axle Name: I
Tire Prezzure: 2
| g

— Geometry

{+ Aspect Ratio [h:"a]:l

. Tire Width [h]:l B =

— Wheel Spacing n n m_

T 51: I -
rosz[

M 53 I

oL a9 3
I~ L2 I
— Reference Point

Position: IBnllnm Left "I E 3 X
X-Coordinate: I s nish

Y-Coordinate: I
L1
[Delete Clear | Save | Ok | Lz

Figure 7: Axle Design Panel

 dule Spacing

*
"3
-

Loading parameters
Axle and wheel type Tire pressure (psi) Tire aspectrat®l (in.) S2(in.) S3(in.) L1(in.) L2(in.)

Single axle with single wheels 60-120 0.5 72 - - - -
Single axle with dual wheels 60-120 0.5 12 72 84 - -
Tandem axle with dual wheels 60-120 0.5 12 72 84 42 -
Tridem axle with dual wheels 60-120 0.5 12 72 84 42 84

Table 2: Standard Loading Parameters
(Source: Truck Driver's Guidebook, 6t Edition)

Bottom L eft is the default reference point. In Figure 7 tlesypcorresponds to loading number 1.

Step 2: Define the Truck Configuration Model

To model a truck loading, all axle components of the truck must already be defileetiPBee
Trucks on the load panel, and then clitkuck Design. The truck design panel appears (see
Figure 8).
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Select Truck: I Mew Truck j
Truck Name: ISaI‘nl:dE Truck. Add Axle | Delete Axle |
Axle . x-Location |y-Location
Humber Description Axle Name [Relative] | [Relative]
L 1 zingle_zsingle 0 0«
L 2 zingle_dual B T2
l 3 single_dual B 114

Reference Point

Axle Numher:l 1 ,I
M Position: I Bottom Left vl Clear

X-Coordinate: I Bea

¥ -Coordinate: I oK

Delete

Pl

Figure 8: Truck Design Panel

Click Add Axle to add axles to the truck, and then select the axle name for each axle number
corresponding to the axle type required for the truck. Next, enter x andiyerédagtions for

each axle. Finally, select the reference axle of the truck. Axle numbées theedefault reference
axle, but you can use other axles. The inputs used in Figure 8 result in a trugiretioh as
illustrated in Figure 9.

Y-location of loading = =

0o

[

X-location of loading

o= = =
Gin. | — =

72 im.

114 in.

Figure 9: lllustration of Truck Configuration and Load Location

Step 3: Define the Load Positioning System

After completing either axle design or truck design process, the load iptsitiened by
identifying the X and Y locations for the axle or truck (see Figure 9).
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Layer Temperature

ISLAB2000 allows you to account for the impact of temperature through two apficezs
thermal gradients andnon-linear temperature profile.

* Linear Thermal Gradient: The linear thermal gradient is the temperature differential
between the top and bottom of the PCC slab divided by the PCC thickness. Tadei@ae
thermal gradient, seleGtemperature from the main panel. The layers temperature properties
panel appears (see Figure 10). In the layers temperature propertiesglanethdPerform
Temperature Analysis check box, and then selddnear for the type of thermal gradient. In
the Difference field, enter the temperature differential (in degrees Fahrenh&ighvs equal
to the thermal gradient multiplied by the PCC thickness.

NOTE
The positive thermal gradient or daytime gradient indicates thabpHayer is warmer than

the bottom layer, while negative thermal gradient or nighttime gradidicates that the
bottom layer is warmer than the top layer.

Layers Temperature Properties

[+ Perform Temperature Analyzis

Temperatures
Layer | Type Difference Top Middle Bottom |Heference -
L4 - Linear
2 Lirar Qoo

[ Batch | Edit Morlinear Ll

Figure 10: Layers Temperature Properties Panel

* Non-linear Temperature Profile: This option of temperature analysis requires temperatures
from at least three different depths. First, seNtlinear for the analysis type for layer 1
(see Figure 11), and then click Bdit Nonlinear.
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Layers Temperature Properties

[+ Perform Temperature Analyzis

Temperatures
Layer | Type Difference Top Middle
1

|| 2 Linear Q.00

Bottom | Reference| ~

|

[~ Batch EdithnIinearl Ll

Figure 11: Layers Temperature Properties Panel

The edit nonlinear temperature distributions appear (see Figure p2)ifigytemperature at each
depth. If more temperature nodes are available, thisért Temperature Node to add more

temperatures.
Edit Nonlinear Temperature distributions
[m=ert | Delete |

Layer 1 |

Layer 1: Honlinear temperature distribution
|nzert Temperature Mode | [Melete Temperature Nade

Case 0 I 5 I
I 1 80.00 65.00

0K |

Figure 12: Edit nonlinear temperature distributions panel
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Batch Application

Through batch application, ISLAB2000 is capable of performing maltplalyses for structural
conditions, loading levels, and temperature conditions. Batch ajhida available in three
structural modules: Layers, Subgrade, and Joints.

» Layersmodule: Batch application allows for adding cases for each layer. The added cases
could have thickness, elastic modulus, Poisson’s ratio, CTE, unit weightsandtarface
condition between two layers different from the original case. Figurdu8ates an
example of batch application for the layers module.

Layer 2 Properties

Figure 13: Batch Application for Layers Module

Number of cases: F Inzert | Delete
v ks e | P | o) |t | [ipefitece | et
E xpanzion
| 1 16 30004 0,380 200e6 00610 Unbonded Aggregate baze ;I
| 2 16 3.000e5 0.250 200e-6) 0.0610 Unbonded Azphalt treated baze
l 8 16 2000e6 0.200 5.00e€  0.0870 Unbonded Lean concrete base

Ok |

» Multiple analysesfor loading levels: For the load module, batch application allows for
analysis of several load levels at the same time. Figure 14adbesstan example of batch
application for the load module.

Add | Delete | Axle Load
Casze zingle_zingle | single_dual I zingle_dual | ;I
1 15400 18000 16000
2 15400 20000 20000

K

|.

Figure 14: Batch Application for Load Module

-10 -
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* Multipleanalysesfor temperature conditions: Batch application allows for analysis of
several temperature conditions at the same time. Figures 15 and 16 dlastmatples of
batch application for linear thermal gradient and non-linear temyperatofiles.

Layers Temperature distributions

Inzert | Delete |

Layer 1 | Layer 2 I

Layer 1: Linear temperature distribution

Casze |D ifferem::el ﬂ
1 0.00
2 10.00
3 20.00
4 30.00
L4

Figure 15: Batch Application for Temperature Module (linear)

Layers Temperature distributions

Imzert | Delete |

Layer 1 | Layer 2 I

Layer 1: Honlinear temperature distribution

|nzert Temperature Mode | [Melete Temperature Nade |

Case o | s [ 10 | &
1 80.00 £5.00 £0.00
2 72.00 £2.00 £0.00
I 3 E4.00 £1.00 R0.00

0K |

Figure 16: Batch Application for Temperature Module (nonlinear)

-11 -
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Analysis Results

To generate results, first clickenerate Input Files and then cliclRun | SLAB2000 from the
Run menu item. To view results in graphical form, cli¢lew Analysis Results from theRun
menu item (see Figure 17).

mlsla b2000 [CG:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4\PartiFigure0L.mdb]
I File Modules | Run  Options Help

Iﬁeometr_u e Generate Input Files.
- r——— RunISLAB20

Temperature. Load Voids Analpsiz Dptions

nadfv | Layer 1 E Show Laer freas ™

110
i

oa
oo

Temperature analysis: fes

M. number of iterations:| 10

Batch processing: Mo
MNumber of biatch cases: 1

Status Beview Status
Geometry (| | |
Areas
Lapers O | |
Subgrade O |
Jaints [l |
Temperature O ||
Load 0 m

YWoids

View Analysis Resuits | | |

Figure 17: View Analysis Results on Run Menu

Stresses and Deflection

Figures 18 and 19 shows typical graphical representations of stredsgeflaction in
ISLAB2000. As shown in the figure 18, the following types of stress contours atetde for

each layer and for top and bottom of the layer:
» X Stresses (transverse stresses)

» Y Stresses (longitudinal stresses)

» XY Stresses (shear stresses)

* Principal Stresses

Figure 19 shows a deflection contour based on the stresses shown in Figure &@; do vi
deflection contour, sele&ieflection from the third pull down menu shown in Figure 17.

-12 -
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C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4\Part1Figure0l.ou2
|6 6 6 6 = &

EE2 151 AB2000 -
= | B
fotate X-rob Yoot Zeol Scale Zoom | Reset | About

— = : |
& B oo - F|[Voiee T
Sottom tlassas
K resces

Principal Stesses
Deflection

X
Stresses in Y-di1 LY on

1318
1218
1068
a19
769
620
470
321

P2
-1238
278
427
Bi7
626

Figure 18: Stress Contour Obtained from ISLAB2000

£ ISLAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4\Part1Figure01.ou2

Hm B Laper1 = Bottom = G 6 6 6 = 8

- B8

Deflections

Deflsction -

X‘direcuon

©.0C
0.2
Q.04
.06

Y —direction

Figure 19: Deflection Contour Obtained from ISLAB2000
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Example 1:
Interior Loading

Problem statement

Determine the maximum

Part Il: Examples

of a Single Slab

deflection and maximum stress at the bottom of ¢hsl&Cfor

Westergaard’s interior loading condition.

Given
Concrete elastic modulus = 4 x°10 psi
Concrete Poisson’s ratio = 0.15
Slab thickness = 10 in.
Slab dimension = 144 x 180 2in
Mesh size = 12 x 12 irfmedium)
k-value = 100 psifin.
Tire contact area = 7.5x 15 2in
Wheel load = 10,000 Ibs
Problem illustration
A
ll0,000 Ihs
E=4z10% psi .
: 1L=015 . Imm.
75 44in = =
156
~fe-walue = 100 psi
v
R ]
180 in

Figure E1-1: Problem llustration
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Solution

Geometry Module
(see Figure E1-2)
Step 1: ClickGeometry on the main panel to open the geometry panel.

Step 2: On the geometry panel, clicisert on theX-direction side, and then type the
slab length, which is 144 in. for this example.

Step 3: Clicknsert on theY-direction side, and then type the slab length, which is 180
in. for this example.

@ISIahZ]I]I] [D:AvongchusAMDOT ProjectiT ask4\E xamples\E xamples.mdb] Mi=1E3
File Modules Run Options  Help
|geomet[_n,u freas Layers Subgrade  Jointz Temperature Load Woids  Analysis Options
ZoomI'IUU ﬁ Shovwfleshls | ShowlosdT | | aver 1 B Show LavenfreaslT
——_L=
_ i _ _ = Examples
*=direction Y-direction .
e analyzis: No
Inzert | Delete| 1:1 Insert | Delete| 11 I~ -[Spmmetric| prof iterations:| 0
hid -
Number of Number of Fs3ing: Ha
Slab| Length Modes Slab| Length Nodes | ioh s ]
» 1 1440 13 3 1 1800 1E -
¥ Review Status
O m
tesh
" Coarse ] | |
O m
g
0 m
Customize
Clear

Maminal Elemert Size: 12
$ Generate | tesh | Ok |

| | | /4

Figure E1-2: Edit inputs for the geometry module

Step 4: On the right side of the geometry panel, seledf gaeum radio button to select
the medium mesh size.

Step 5: At the bottom of the panel, cliGenerate to generate the inputs to the input file,
and then cliclOK to close the geometry panel.

-16 -
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Layers Module

(see Figure E1-3)
Step 1: Click-ayers on the main panel to open the layers panel.
Step 2: On the layers panel, type the inputs as identified in the pretdéement.
Step 3: ClickOK to close the layers panel.

Subgrade Module

(see Figure E1-4)
Step 1: Clicksubgrade on the main panel to open the subgrade panel.
Step 2: On the subgrade panel, type the inputs as identified in the pstatement.
Step 3: ClickOK to close the subgrade panel.

[)151ab2000 [D:\vangchus\MDOT Project\T ask#\Examples\Examples.mdb] M=k
Ele Modules Fun Oefiens Help

Geometry Areas | Lapers Subgiade Joints Temperatwe Load Voids Analysic Dptions

Zoom[100 =] ShowMeshl™ /o Loadl™ \Layen B[

L Tg 1D:| Examples

T
. rature analpsis: Ha
Humber of layers: |1 Add Layer | Delete Laver | fumber of ierations: | 0

Layer 1 | piocessing Ho
brof batchcases: | 1
Hame
Thickness 10.000 Beview Status
Elastic Moduus| 200026 i [
Poissan Fiatio 0150 0O m
Caefficient of Themal Expansion 440t de O =m
Unit Weight, 00870
Erature
Interface with above Layer | Disable for e layer =
ntextace with above Layer|Disabie for (1t layer O =
Interface K-value (Tatski Model)
Deseription
‘ = Defaul  Balch " Exceptions ‘ Edit Batet ‘ Edit Exeeptions. ‘

[ e oo sestion £ Womurifom etass sesion]| Eci s Sestin | 0K

\ | \ v

Figure E1-3: Edit Inputs for the Layers Module
[@)151ab2000 [D-\vongchus\MDOT Project\Task4\Examples\Examples. mdb] =l
Fie Modues Run Options Help |
Geomety Arsss Laysrs | Subgrade Joints Tempersturs Load Voids Anslysis Options
Zoom[100 =1 ShowMeshl™ | Sy Loacl ‘Layeﬂ EShowLayerAreasl_
Input File ID:|  Examples
Temperature analysis, Mo
HMax mnten o feraiens 10
Betch processing Na
@ Winklsr ¢ Vissow Kumber of batch cases, | 1
" Spring = Ken .
Status Beview Status
— Geometry O =
1100}
Suburade K o
Vissov and Ken G p— 0O m
Ker Ku Subgiade 0O m
Jaints
Desarption Temperaturs
Load O =
& Default Voids
£ Baich Edt Batch
1 Ewseplions | o oseption: oK |

Figure E1-4: Edit Inputs for the Subgrade Module
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Load Module
(see Figures E1-5 and E1-6)
Step 1: Click_oad on the main panel to open the load panel.
Step 2: On the load panel, cliéile Design to open the axle design panel.

" 151ab2000 [D:Avongchus\MDOT Project\T ask4\Examples\Examples. mdb]

File Modules Fun  Options  Help ‘

Geometry  Areas Lapers Subgrade Joints Temperature | Load Yoids Ana\yslsgpl\ons|
— = . =
Zoom[100 =] Showhlssh™ v Lol | Loty i

i)

& PlaceAdes © Pla
Axle Name: [wheeload
Add | Dot | Tire Pressure : 3889 a.
b

[Axle Number| Reference Point [ Asle Mame  [*| | oo

| ‘ " Aspect Ratio [b/a):

(o Tire Width [b):

|

BEE

75
WwheelSpscing | | [l |
§1:

52

-

i im i |

53:

oL o 53
oLz
 Reference Point—— |
Pasition: - @ @
: o @ @l

-Co ate:
Y-Coordinate:
L1 ‘
[ielete Clear Save aK L2

Figure E1-5: Edit inputs for the load module

[ e Spacing

[=| Batch Edit Batof Axle Design

Step 3: On the axle design panel, type “wheel load” imAtkle Name field to name the

axle.

Step 4: Type the tire pressure in fhiee Pressure field. The tire pressure of the wheel

load can be computed as shown below:

Wheel Load _ 10,000lbs

Tire Pressure = = - -
Contact Area 75in.x15in.

=88.89 ps

Step 5: Type the tire width (7.5 in. for this example), inTthee Width field.
Step 6: SeledBottom L eft for the reference point position.

Step 7: ClickOK to close the axle design panel.

Step 8: On the load panel (see Figure E1-6), &did#l to add an axle.

Step 9: In theédxle Name field, select “wheel load.”

-18 -
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Step 10:  Enter an X-location and a Y-location to locate the vbael X-location and Y-
location for interior loading conditions can be computed as shown below:

Sab width  wheel load width

X —location =
2
=E‘r—ﬁ=6825in
2 2
Y —location = S0 length _ wheel load length
2
=180_15_go5in
2 2

Step 11:  Enter the load for the wheel load, which is 10,000 Ibs for this example
Step 12:  ClickOK to close the load panel.

ab2000 [D ong DOT Proje ask ample ample db =10

“ File Modules Fun Options  Help

“ Geometry  Areaz Lapers Subagrade Joimte Temperature | Load Yoids  Analysis Options

Zoom|100 = Show Mesh[—  Show Load[™ Laper 1 (== Shiow Laper freas[™
=l Iy

Input File 1D: Examples
—
Temperature analysis: o
* Place Axles = Place Trucks E =St .
taw. number of iterations:| 0
Add | Delete Batch processing: Mo
Axle Number| Reference Point Axle Name ¥-Location | *¥-Location Number of batch cases: 1
1 1 Bottom Left wheelload 623 8259 .
: Status Bewiew Status
Geometry ] | |
Areas
Layers ] ||
Subarade | | |
Joints
Temperature
Load O ]
Y oids
[~ Batch Edit Bateh Awle Design 0K |

| | | y

Figure E1-6: Edit Inputs for the Load Module (continued)

At this stage, all inputs are completed. If all the inputs are corhectdlor of all status boxes
will change from red to blue. The main panel should display the pavementisylcading
condition, and mesh as shown in Figure E1-7.
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@ 151ab2000 [D:Avongchus\MDOT Projecth\T ask4\E xamples\Example01._mdb]
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Woids
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Figure E1-7: Main Panel After the Completion of Inputs

Analysis Results

Maximum transverse stress at the bottom of the PCC slab = 140.6 psi
(see Figure E1-8)

Maximum longitudinal stress at the bottom of the PCC slab = 123.4 psi

(see Figure E1-9)

Maximum deflection of the PCC slab = 0.00796 in.

(see Figure E1-10)

NOTE
Positive and negative values of stress signify tensile and comgres®sses and positive
value of deflection indicates deflection in downward direction.
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Figure E1-8: Transverse Stress at the Bottom of the PCC Slab
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Figure E1-9: Longitudinal Stress at the Bottom of the PCC Slab
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£S5 ISLAB2000 - D:\vongchus\MDOT Project\T ask4\Examples\E xample01.ou2
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Figure E1-10: Deflection of the PCC Slab
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Example 2:
Edge Loading of a Single Slab

Problem Statement

Determine maximum deflection and stress for the PCC slab using 3&est#s edge loading
condition.

Given
Concrete elastic modulus = 4 x°10 psi
Concrete Poisson’s ratio = 0.15
Slab thickness = 10 in.
Slab dimension = 144 x 180  Zin
Mesh size = 12 x 12 irfmedium)
k-value = 100 psi/in.
Tire contact area = 7.5x15 %in
Wheel load = 10,000 Ibs
Problem lllustration
A
lm,ooo fhs
ol Jes
144 in -
k-value = 100 psifin
15in
| REE) ¥
i 180in. >

Figure E2-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 1.

Layers Module
Use this module from Example 1.

Subgrade Module
Use this module from Example 1.

Load Module
(see Figures E2-2)
Step 1: Follow steps 1 through 9 from the load module in Example 1.

Step 2: Enter an X-location and a Y-location to locate the wheel load-Tdzation
and Y-location for edge loading condition can be computed as shown below:

X —location=0

Sab length  wheel load length
> :

Y —location =

=180 1 gr5in
2 2

Step 3: Type the load for the wheel load, which is 10,000 Ibs for this exampl
Step 4: ClickOK to close the load panel.

@ISIahZﬂﬂﬂ [D:-AvongchusAMDOT Project\T azsk4\Examples\Example02 mdb] _ o] x|
File Modules Run Options  Help
Geometry  Areas Lapers Subgrade  Joints  Temperature | Load Moids  Analysiz Options
Zoom {100 j Show Mesh[~  Show Load[™ | Layer 1 E Stiow LayendeasT
| Input File |D:| Examplel2
T armarah ra analysis: Mo
oo MM
i< Place Axles " Place Trucks o No
add | Delets | case<l| |
Axle Numbel' Reference Puintl Axle Hame X-Location | ¥-Location | Load | Eeview Status
il 1 | BottomLeft  |wheelload i 25| 10000/ 0O =
0 =m
0 =m
0 m
I” Batch EditBatal Axle Desian 0K |

\ | | 4

Figure E2-2: Edit Inputs for the Load Module
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The main panel should display the pavement structure, loading condition, éndgrasshown
in Figure E2-3.

[@)151ab2000 [D:\vongchus\MDOT Project\T ask4\E xamples\E xample02. mdb] |_ (O] x|
File Modulezs Fun  Option:  Help

Geometry Areaz Lapers Subgrade Joints Temperature Load Woids Analysiz Optiohs

Zoom [100 j Show Meshlv  Show Loadw | Layer 1 EShowLayerAreasl_

Input File |D:| Erample02
Temperature analysis: No
Max. number of terations:| 0

B atch processing: Mo
Number of batch cases: 1

Status Fieview Status
Geametry | | |
Areaz
Lapers O | |
Subgrade | | |
Jairts
Temperature
Load | | |

oidz

| \ | z

Figure E2-3: Main Panel After the Completion of Inputs

Analysis Results

Maximum transverse stress at the bottom of the PCC slab = 37.4 psi
(see Figure E2-4)
Maximum longitudinal stress at the bottom of the PCC slab = 245.5 psi

(see Figure E2-5)
Maximum deflection of the PCC slab = 0.02514 in.
(see Figure E2-6)

NOTE
Positive and negative values of stress signify tensile and comgres®sses and positive
value of deflection indicates deflection in downward direction.
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£ 15LAB 2000 - D:\vongchus\MDOT Project\Task4\E xamples\E xample02.ou2
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Figure E2-4: Transverse Stress at the Bottom of the PCC Slab
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Figure E2-5: Longitudinal Stress at the Bottom of the PCC Slab

-26 -

2465
2318
2106
1898
1669
1480
1271
1062
803
645
436
227

-19.1
260



Part II: Examples
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Figure E2-6: Deflection of the PCC Slab
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Example 3:
Corner Loading of a Single Slab

Problem Statement

Determine maximum deflection and stress at the top of the PCC slalefteMyaard’s corner
loading condition. Then, compare the results from interior and edge loading @it

Examples 1 and 2.

Given
Concrete elastic modulus = 4 x°10 psi
Concrete Poisson'’s ratio = 0.15
Slab thickness = 10 in.
Slab dimension = 144x 180  Zin
Mesh size = 12 x 12 irfmedium)
k-value = 100 psifin.
Tire contact area = 7.5x15 %in
Wheel load = 10,000 Ibs
Problem lllustration
A
lm,ooo bs
e 7
144 in
le-value = 100 psifin.
7551% Y

180 i

Figure E3-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 1.

Layers Module
Use this module from Example 1.

Subgrade Module

Use this module from Example 1.

Load Module
(see Figures E3-2)
Step 1: Follow steps 1 through 9 from the load module in Example 1.

Step 2: Type an X-location and a Y-location to locate the wheel load-T¢wation and
Y-location for corner loading condition can be computed as shown below:

X —location =0
Y —location =Y —direction slab length — wheel load length.
=180-15=165in
Step 3: Enter the load for the wheel load, which is 10,000 Ibs for this example
Step 4: ClickOK to close the load panel.

[@)151ab2000 [D:\vongchus\MDOT ProjectT ask4\E xamples\E xample03.mdb] =13

File Modules Run Options Help

Geometry Areas Lapers Subgrade Joints Temperature | Load Woids  Analpsiz Dptions
Zoom [100 j Show Mesh™  Show Loadl™ | Layer 1 EShowLayerAreasl_

Input File ID: Example03
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I - ¢
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Add | Delete | e |1
Axle Numbel| Reference Poinll Axle Name I ¥-Location | Y-Location Beview Status
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0 m
0O m
0O m

I~ Batch Edit Biatoh Aule Design oK
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Figure E3-2: Edit Inputs for the Load Module
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The main panel should display the pavement structure, loading condition, éndgrasshown
in Figure E3-3.

[#]151ab2000 [D:\vongchus\MDOT ProjecthT ask4\Examples\Example03. mdb] M=

File Modules Run  Options  Help

Geometry Areas Layers Subgrade Joints Temperature Load “oid:  Analysis Options

Zoom {100 ﬁ Show Mesh[v  Show Load v | Layer 1 E St Lavern freas]™

Input File 1D: Examplel3

Temperature analysis: Mo
Max. number of iterations:| 0

Batch processing: Mo
Mumber of batch cases: 1

Status Eeview Status
Geomety | | |
Areaz
Layers O | |
Subgrade | | |
Juints
Temperature
Load I | |

Woids

| | | Z

Figure E3-3: Main Panel After the Completion of Inputs

Analysis Results

Maximum transverse stress at the top of the PCC slab = 137.3 psi
(see Figure E3-4)

Maximum longitudinal stress at the top of the PCC slab = 131.1 psi
(see Figure E3-5)

Maximum stress at the top of the PCC slab = 195.5 psi

(see Figure E3-6)

Maximum deflection of the PCC slab = 0.0574 in.

(see Figure E3-7)

Comparison of stresses and deflections from the three loading conditiolhsstnated in Figures
E3-8 and E3-9.

NOTE
Positive and negative values of stress signify tensile and comgressgses and positive
value of deflection indicates deflection in downward direction.
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Figure E3-4: Transverse Stress at the Top of the PCC Slab
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Figure E3-5: Longitudinal Stress at the Top of the PCC Slab
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Figure E3-6: Principal Stress at the Top of the PCC Slab
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Figure E3-7: Deflection of the PCC Slab
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Loading condition Maximum stress, psi Maximum defieat in.
Interior 140.6 0.00796
Edge 2455 0.02514
Corner 195.5 0.0574

Table E3-1: Comparison of results between the three loading conditions
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Figure E3-8: Comparison of Maximum Stress from the Three Loading Conditions
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Figure E3-9: Comparison of Maximum Deflection from the Three Loading Conditions
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Example 4:
Thermal Gradients on a Single Slab

Problem Statement

Determine maximum deflection and stress at the top and bottom of the PCC slab due t
temperature differential&T, of -20, -10, 0, +10, +28F. Also, plot a graph to show relation
between stresses and temperature differentials.

Given
Concrete elastic modulus = 4 x°10 psi
Concrete Poisson’s ratio = 0.15
Slab thickness = 10 in.
Slab dimension = 144 x 180 %in
Mesh size = 12 x 12 Arfmedium)
k-value = 100 psi/in.
Coefficient of thermal expg = 4.4 x 10 in./in.PF
Temperature differentiah T = -20, -10, 0, +10, +20 °F
Problem Illustration

A

T
_ 6 - top
10 in;. E E=4z10" pa

144 .

AT= Ttop o Tbottom

=-20,-10,0,+10, +20°F

1801,

Figure E4-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 1.

Layers Module

Use this module from Example 1.

Subgrade Module

Use this module from Example 1.

Load Module

This module is not required for this example.

Temperature Module
(see Figure E4-2)
Step 1: ClicKT emper ature from the main panel to open the temperature panel.

Step 2: On the temperature panel, selecPdnéorm Temperature Analysis andBatch
check boxes.

Step 3: Enter the temperature differential of the first aagleeiDiffer ence field, (-20°F
for this problem).

Step 4: Clickedit Batch to open the layers temperature distributions panel.

Step 5: On the layers temperature distributions panel, lcisekt four times to add four
more cases of temperature differential. Then enter the otheefopetature
differentials as identified in the problem statement.

Step 6: ClickOK to close the layers temperature distributions panel.

Step 7: ClickOK layers temperature properties panel.
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Figure E4-2: Edit Inputs for the Temperature Module

Analysis Options Module
(see Figure E4-3)

Click Analysis Options to open the analysis options panel, and then seleBiatith Processing

checkbox. ClickOK to close the analysis options panel.

@ 151ab2000 [D:\vongchusAMDOT Project\T ask4\E xamples\E xample04. mdb]
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Figure E4-3: Analysis Option Module
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The main panel displays the pavement structure, loading condition, and messtiogvasn
Figure E4-4.

@ISIaIﬂUUU [D:AvongchusAMDOT Project\T ask4\E xamples\E xample04.mdb] [ (O] =]
” File Modulez Run Option:  Help
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Batch processing: Tes
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Subgrade 1 | ]
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Temperature (| [ |
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Waids

Laper Mumber: 1 [Selected) | | |

Figure E4-4: Main Panel After the Completion of Inputs

Analysis Results

Table E4-1 summarizes the analysis results for all feraperature differentials. Stress and
deflection contours from ISLAB2000 are also available in Figii4$ through E4-14. Figure
E4-15 is the plot of relationship between stresses and temperaturerdifis.

o Stress at the bottom of the PCC, psi Stress abtheftthe PCC, psi L
AT, F — — Deflection, in.
' Transverse Longitudinal Transverse Longitudinal
-20 -47.4 -79.1 47.4 79.1 0.02163
-10 -27.2 -45.9 27.2 45.9 0.01532
0 0.0 0.0 0.0 0.0 0.00870
10 27.6 46.5 -27.6 -46.5 0.02306
20 46.5 83.6 -46.5 -83.6 0.03739
Table E4-1: Analysis Results
NOTE

Positive and negative values of stress signify tensile and comgressgses and positive
value of deflection indicates deflection in downward direction.
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Figure E4-5: Transverse Stress at the Top of the PCC Slab, AT = -20 °F
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Figure E4-6: Longitudinal Stress at the Top of the PCC Slab, AT = -20 °F
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Figure E4-7: Transverse Stress at the Bottom of the PCC Slab, AT = -20 °F
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Figure E4-8: Longitudinal Stress at the Bottom of the PCC Slab, AT =-20 °F
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Figure E4-9: Deflection of the PCC slab, AT = -20 °F
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Figure E4-10: Transverse stress at the top of the PCC slab, AT = +20 °F
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Figure E4-11: Longitudinal stress at the top of the PCC slab, AT = +20 °F

-366

-486
B52

-836

[EE215LAB 2000 - D:\vongchus\MDOT Project\Task4\E xamples\E xample04_1_1_5.0u2

=& & (GGG ]
Layer1 = Bottom | X Stresses =
Open Copy  Ext Fofete oot oot Zroh. Scele Zoom | Reset | Ahout

X
Stresses in X-direct LY

Figure E4-12: Transverse stress at the bottom of the PCC slab, AT = +20 °F
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Figure E4-13: Longitudinal Stress at the Bottom of the PCC Slab, AT = +20 °F
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Figure E4-14: Deflection of the PCC Slab, AT = +20 °F
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Maximum stress, ps
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Figure E4-15: Relationship Between Stresses and Temperature Differentials
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Example 5:
Interior Loading with Thermal Gradients on a Single Slab

Problem Statement

Determine maximum deflection and stress at the bottom of the PCC slMed$tergaard’s
interior loading condition with temperature differentidl$, of -20, -10, 0, +10, +2€F.

Given

Concrete elastic modulus = 4 x°10 psi
Concrete Poisson'’s ratio = 0.15

Slab thickness = 10 in.
Slab dimension = 144 x 180 %in
Mesh size = 12 x 12 Arimedium)
k-value = 100 psi/in.
Tire contact area = 7.5x15 %in
Wheel load = 10,000 Ibs
Coefficient of thermal expg = 4.4 x 10 in./in.PF
Temperature differentiah T = -20, -10, 0, +10, +20 °F

Problem Illustration

A
llo,ooo Ibs

®

B=2l0) e
p=015

Ttop

Bl 75n 144 in. = o Tbottom
151n,
AT= Ttop - Tbottom
=-20,-10, 0, +10, +20°F
A
| . \-.l
180 in,

Figure E5-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 1.

Layers Module

Use this module from Example 1.

Subgrade Module

Use this module from Example 1.

Load Module

Use this module from Example 1.

Temperature Module

Use this module from Example 4.

Analysis options Module
Use this module from Example 4.
The main panel should display the pavement structure, loading condition, dndgreesshown
in Example 1 (Figure E1-7.)
Analysis Results

Table E5-1 summarizes the analysis results for all feraperature differentials. Stress and
deflection contours from ISLAB2000 are also available in Figia®< through E5-7. Figures

E5-8 and E5-9 are the plots of relationship between streasetemperature differentials and

between deflections and temperature differentials, respectively.

Stress at the bottom of the PCC, psi

AT, °F Transverse Longitudinal Deflection, in.
-20 91.7 41.1 0.02971
-10 113.5 77.5 0.01650

0 140.6 123.4 0.01480
10 168.2 169.8 0.01043
20 195.8 216.3 0.00607

Table E5-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgresssses and positive
value of deflection indicates deflection in downward direction.
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Figure E5-2: Transverse Stress at the Bottom of the PCC Slab, AT =-20 °F
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Figure E5-3: Longitudinal Stress at the Bottom of the PCC Slab, AT = -20 °F
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Figure E5-4: Deflection of the PCC Slab, AT =-20 °F
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Figure E5-5: Transverse Stress at the Bottom of the PCC Slab, AT = +20 °F
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Figure E5-6: Longitudinal Stress at the Bottom of the PCC Slab, AT = +20 °F
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Example 6:
Edge Loading with Thermal Gradients on a Single Slab

Problem Statement

Determine maximum deflection and stress at the bottom of the PCC s\aledtergaard’s edge
loading condition with temperature differentiald;, of -20, -10, 0, +10, +2T.

Given

Concrete elastic modulus = 4 x°10 psi
Concrete Poisson'’s ratio = 0.15

Slab thickness = 10 in.
Slab dimension = 144 x 180 %in
Mesh size = 12 x 12 Arimedium)
k-value = 100 psi/in.
Tire contact area = 7.5x15 %in
Wheel load = 10,000 Ibs
Coefficient of thermal expg = 4.4 x 10 in./in.PF
Temperature differentiah T = -20, -10, 0, +10, +20 °F

Problem Illustration

A
llo,ooo bs

®

AT= Ttop = Thottom
=-20,-10,0,+10, +20°F
151,
- 751 ¥
L |
180 in,

Figure E6-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 1.

Layers Module

Use this module from Example 1.

Subgrade Module

Use this module from Example 1.

Load Module

Use this module from Example 1.

Temperature Module

Use this module from Example 4.

Analysis Options Module
Use this module from Example 4.
The main panel should display the pavement structure, loading condition, dndgreesshown
in Example 2 (Figure E2-3.)
Analysis Results

Table E6-1 summarizes the analysis results for all feraperature differentials. Stress and
deflection contours from ISLAB2000 are also available in Figi@< through E6-7. Figures

E6-8 and E6-9 are the plots of relationship between streasetemperature differentials and
between deflections and temperature differentials, respectively.

Stress at the bottom of the PCC, psi

AT, °F Transverse Longitudinal Deflection, in.
-20 37.4 165.4 0.03000
-10 37.4 203.1 0.03130

0 37.4 245.5 0.03384
10 37.3 289.1 0.03685
20 37.3 332.1 0.03982

Table E6-1: Analysis results

NOTE
Positive and negative values of stress signify tensile and comgresssses and positive
value of deflection indicates deflection in downward direction.
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Figure E6-2: Transverse Stress at the Bottom of the PCC Slab, AT =-20 °F
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Maximum stress, ps

Maximum deflection, in.
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Example 7:
Corner Loading with Thermal Gradients on a Single Slab

Problem Statement

Determine maximum deflection and stress at the top of the PCC slalefteMyaard’s corner
loading condition with temperature differentiald;, of -20, -10, 0, +10, +2T.

Given

Concrete elastic modulus = 4 x°10 psi
Concrete Poisson'’s ratio = 0.15

Slab thickness = 10 in.
Slab dimension = 144x180 %in
Mesh size = 12x12 ifmedium)
k-value = 100 psi/in.
Tire contact area = 7.5x15 %in
Wheel load = 10,000 Ibs
Coefficient of thermal expg = 4.4 x 10 in./in.PF
Temperature differentiah T = -20, -10, 0, +10, +20 °F

Problem Illustration

A
ilo,ooo Ibs

T
_ (e top
10 m;t E=4z10" pst

= Tb ottom

= Tb ottom

AT=Ty,,
=-20,-10, 0,410, +20°F

151,

15l v

180 in.

Figure E7-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 1.

Layers Module

Use this module from Example 1.

Subgrade Module

Use this module from Example 1.

Load Module

Use this module from Example 1.

Temperature Module

Use this module from Example 4.

Analysis Options Module
Use this module from Example 4.

The main panel should display the pavement structure, loadingiioandnd meshing as shown
in Example 2 (Figure E2-3.)

Analysis Results

Table E7-1 summarizes the analysis results for all five terperdifferentials. Stress and
deflection contours from ISLAB2000 are also available in Figures E7-2ghrg7-5. Figures
E7-6 and E7-7 are the plots of relationship between stresses and temphiffetaermtials and
between deflections and temperature differentials, respectively.

AT, °F Corner stress, psi Deflection, in.
-20 232.0 0.03923
-10 213.5 0.05201

0 195.5 0.06614
10 182.5 0.08050
20 174.3 0.09524

Table E7-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgresssses and positive
value of deflection indicates deflection in downward direction.
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Figure E7-2: Corner Stress at the Top of the PCC Slab, AT =-20 °F
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Figure E7-4: Corner Stress at the Top of the PCC Slab, AT = +20 °F
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Example 8:
Single Axle Edge Loading on a Pavement System

Problem Statement

Determine maximum stresses at the bottom of the PCC slab for agrav@rstem and loading
condition as illustrated in Figure E8-1.

Given

Concrete elastic modulus = 4 x°10 psi
Concrete Poisson'’s ratio = 0.15

Slab thickness = 10 in.

Base elastic modulus = 3x*10 psi

Base Poisson’s ratio = 0.35

Base thickness = 16 in.

Lane width = 144 in.
Shoulder width = 120 in.

Joint spacing = 180 in.

Joint design = Dowel bags1.25 in. @ 12 in. c/c
AGG factor = 1x10 psi

Mesh size = 12 x 12 Arimedium)
k-value = 100 psi/in.
Load configuration = standard single axle

Axle weight = 18 kips
Load location = edge loading

Coefficient of thermal expg = 5x 10° in./in.PF
Temperature differentiah T = none °F

Problem Illustration:

Tie bars $ 0.5 in. @ 36 in, cic
Dowelbars $1.25m @ 12m. cfc

| T M O I I
| N O T Yy T |
rTrrrrrrrrrd

—

I
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1201in

180 1n 180 . 180 1m0

Figure E8-1: Problem lllustration
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Solution

Geometry Module
(see Figure E8-2)

Step 1: ClickGeometry on the main panel to open the geometry module.

Step 2: ClicK nsert twice on theX-direction side, and then enter 120 for the shoulder
width and 144 for the lane width.

Step 3: Click nsert three times on th¥-direction side and then enter 180 for the joint
spacing.

Step 4: On the geometry panel, seMedium to set the mesh size to medium.

Step 5: ClickGenerate to generate the inputs to the input file, and then €ikkto
close the geometry panel.
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Figure E8-2: Edit Inputs for the Geometry Module

Layers Module
(see Figures E8-3 and E8-4)
Step 1: Click-ayersto open the layensanel.

Step 2: On the layers panel, type the inputs as identified in the pretdéement for the
PCC layer.
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Step 3: ClickAdd Layer to open the add layer panel. Eri2en theLayer number to
add field, and then cliclOK to close the add layer panel.

Step 4: On the layers panel, seleayer 2, and then type the inputs as identified in the
problem statement for the base layer.

Step 5: ClickOK to close the layers panel.
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Figure E8-3: Edit Inputs for the Layers Module
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Figure E8-4: Edit Inputs for the Layers Module (continued)
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Subgrade Module
(see Figure E8-5)
Step 1: ClickSubgrade to open the subgrade panel.

Step 2: Enter the inputs as identified in the problem statement.

Step 3: ClickOK to close the subgrade panel.
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Figure E8-5: Edit Inputs for the Subgrade Module

Joints Module
(see Figures E8-6 through E8-9)
Step 1: ClickJoints to open the joints module.

Step 2: Undedointsin x-direction, seleciSpecify joint parameters, selectAGG
Interlock in theJoint type field, and then enter 1 x 1QE6) in theAGG factor
field.
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Figure E8-6: Edit Inputs for the Joints Module

Step 3: Undedointsin y-direction, selectSpecify joint parameters, selectDoweled in
theJoint typefield, and then clicledit Dowel Locations to open the dowel
locations panel (see Figure E8-7.)
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Figure E8-7: Edit Inputs for the Joints Module (continued)

Step 4: On the dowel locations panel, seleciitairection tab, and then clickdd.
Enter “Location1” in thé D field, and then double click on the locations 132,
144... 252. Leave all the locations in the shoulder (locations 12, 24...108) blank
(see Figure E8-8). ClicK to close the dowel location panel.
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Figure E8-8: Edit Inputs for the Joints Module (continued)

Step 5: Seleddowel 1 in theDowel property I D field, selecl ocationl in theDowel
location 1D field, and then cliclOK to close the joints panel (see Figure E8-9).
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Figure E8-9: Edit Inputs for the Joints Module (continued)
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Load Module
(see Figure E8-10 and E8-11)
Step 1: Click_oad to open the load panel.

Step 2: On the load panel, cligéikle Design to open the axle design panel (see Figure
E8-10.) Enter “Single Axle” in thAxle Name field.
Step 3: Type the tire pressure in riee Pressur e field. The tire pressure of the wheel

load can be computed as shown below (for more detail, see standard
configuration of single axle):

Wheel Load _ 4,500lbs

Tire Pressure = =— -
Contact Area  5in.x10in.

=90 psi

Step 4: Enter the tire width in tiere Width field (5 in. for this example).
Step 5: Enter wheel spacing information as shown in Figure E8-10.
Step 6: SeledBottom L eft for the reference point position.

Step 7: ClickOK to close the axle design panel.

@ISIahZI]I]I] [D:\vongchusAMDOT Project\T ask4\E xamples\Example08. mdb] Mi=]E3
“ File Modules FRun Option:  Help
Geometry  Areaz Layers Subgrade  Joints  Temperature ’Tag Woids  Analysiz Options |
ZoomI‘IDD ﬁ Show Mesh[—  Show Load]™ |T Axle Design
Select Azle: lm S i
(R -
{+ Place Axles i Axle Name: |Single Sxle v —
Add | Delete| Tire Pressure: @ a. :
Axle Number| Reference Point Axle Name —(Eie:r:;tl,ld Ratio (ba): — E
& Tie Width b[ & & =
— wheel 5pacing “ n m_ £
M si: 12 3
v 52 =
V| 53 D
— Auxle Spacing
L I— a0 33
L2 I— 1
= | Batch Edit Eatel Axle Design — Reference Paint
Position: m E & O
X-Coordinate:| (1l | Eﬁv -
Y-Coordinate: ]
L1 i
Delete | Clear | Save | oK | L2
| | | 7

Figure E8-10: Edit Inputs for the Load Module

Step 8: On the load panel, click Aunld to add an axle (see Figure E8-11).
Step 9: Selecsingle Axle in theAxle Name field.
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Step 10:  Enter an X-location and a Y-location to locate the wheel loa-Tdred Y-
location for an edge loading condition can be computed as shown below:

X —location = Shoulder width + Distance dual wheel center to shoulder
— Distance dual wheel center to reference point

=120+ 20—[5 +12j =1315in
2 2

Joint spacing _ wheel load length
) .

Y —location = Joint spacing +

:180+@—@:265in
2 2

Step 11:  Enter the load for the single axle (18,000 Ibs for this example).
Step 12:  ClickOK to close the load panel.

[#)151ab2000 [D:\vongchus\MDOT Project\T ask4\Examples\E xample08.mdb] S =] B

File Modules Fun DOption: Help

Geometry  Areas Lawers Subgrade  Joints Temperature | Load Moids  &nalysis Options
ZoomIWDD j Show Mesh[~  Show Load[™ | Layer 1 EShowLayerAreasl_

I T 1 " Input File 1D: E=ample0s

.. --cic: | o
' Place Azles (" Place Trucks number of iterations:| 0
Add | Dielete | processing: Mo
- — — er of batch cases: 1
Axle Numhetl Reference PolnlI Axle Name | X-Localmnl ¥-Location
X 1 | Bottomleft |Single Axe | 1315 | 2650 Review Status
ety (| | |
s O m
rade | | ]|
0 m
erature
0O m

I~ Batch Edit-Batch Ale Design oK |

| | | /i

Figure E8-11: Edit Inputs for the Load Module (continued)

Temperature Module

Temperature module is not required for this problem.

Analysis Options Module

Use this module from Example 4.
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The main panel should display the pavement structure, loadingioondind meshing as shown
in Figure E8-12.

@ISIahZUUU ID:Avongchus\MDOT Project\T ask4\E xamples\E xample08.mdb]
” Filz Modules Run Options  Help
” Geometry Ameas Layers Subgrade Jointe Temperature Load Moids  Analysiz Options
“ Zoam I‘I oa _l; Show Mesh  Show Load W Layer 1 E Shalaven freas |
- O - —w=ee ]
Input File 1D: Examplels
Temperature analyzis Mo
= Max number of iterations;| 0
= Batch proceszing: Mo
Murnber of batch cases: 1
= Status Eeview Status
= Geametny | ]
Argas
Layers |:| | |
Subgrade | | |
Juints O | |
Temperature
Load ] | |
Waids
| | | Y
Figure E8-12: Main Panel After the Completion of Inputs
Analysis Results
Maximum transverse stress at the bottom of the PCC slab = 72.1 psi
(see Figure E8-13)
Maximum longitudinal stress at the bottom of the PCC slab = 114.5 psi

(see Figure E8-14)

NOTE

Positive and negative values of stress signify tensile and comgres®sses and positive
value of deflection indicates deflection in downward direction.

Stress and deflection contours from ISLAB2000 are also shown in Figures E®@U@htE8-15.
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Figure E8-13: Transverse Stress at the Bottom of the PCC Slab
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Figure E8-14: Longitudinal Stress at the Bottom of the PCC Slab
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E571SLAB2000 - D:\vongchus\MDOT Project\T ask4\Examples\E xample08.ou2
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Figure E8-15: Deflection of the PCC Slab
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Example 9:
Single Axle Edge Loading with Thermal Gradients

Problem Statement

Determine maximum stresses at the bottom of the PCC slab for thegravey/stem and loading
condition in Example 8 considering temperature differentfglls of 0, +10, +20F.

Given

Temperature differentialyT 0, +10, +20 °F

Problem Illustration

Tie bars $0.5in @ 36 in. cfc
Dowelbars $125in @ 12m cfe

_./ AL l T
4 AL 4din L
=5 18 ¥ips =l 10 in, Eln:c, mpcc, Hpec
:: :: v Tbm.mm
T aE 16n.
1 1 1 L 1 L 1 1 1 1 1 L 1 1 L L 1 1 1 1
1 1 1 1 ] I ] 1 1 1 1 ] ] 1 1 ] ] 1 1 1 1
120
| [P [ | AT= Tyop- Toottom
180in 180 i 180n bl =0, +10,420°F

Figure E9-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module
Use this module from Example 8.

Subgrade Module
Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module
Use this module from Example 8.

Temperature Module
(see Figures E9-2 and E9-3)
Step 1: ClickTemper atur e to open the temperature panel.

Step 2: On the temperature module, sdPectorm Temperature Analysis andBatch.

[{ar_ 151ab2000 [D:\vongchusAMDOT Project\T ask4\E xamples\E xample03.mdb]
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v Perform Temperature Analysis

Temperatures Eatch processing: Mo
Layer Type Difference| Top Middle Bottom |Reference| Hurnber of batch cases: 1
1 Linear 0.00 X
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M o2 Linear Layers Temperature distributions

|I:| [ ]
Insert Delete
Layer 1 | Layer 2 I E :
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I Beteh e 2 10.00
» 3 20.00

— x| y
Figure E9-2: Edit Inputs for the Temperature Module
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@ISIahZ]I]I] [D:\vongchusAMDOT ProjectiT ask4A\Examples\Example09.mdb] O] x|
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M3
— _ x| )
Figure E9-3: Edit Inputs for the Temperature Module (continued)

Step 3: In theDiffer ence field, enter the temperature differential of the first cas (0
for this problem).

Step 4: Clickedit Batch to open the Layers temperature distributions panel.

Step 5: On thé ayer 1 tab of the layers temperature distributions panel, thekrt two
times to add two more cases of temperature differential, and thenthenteher
two temperature differentials as identified in the problem s&ém

Step 6: On thé ayer 2 tab of the layers temperature distributions panel, enter Geio (
the other two temperature differentials across the base layer.

Step 7: ClickOK to close the layers temperature distributions panel.

Step 8: ClickOK at the bottom right of the layers temperature properties panel. The

panel will disappear.

Analysis options module

Use this module from Example 4.

The main panel should display the pavement structure, loading condition, éndgrasshown
in Example 8, Figure E8-12.
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Analysis Results

Stress at the bottom of the PCC, psi

(0]
AT F Transverse Longitudinal
0 72.1 1145
10 105.9 169.5
20 139.7 224.5

Table E9-1: Analysis Results

NOTE

Positive and negative values of stress signify tensile and comgressigses and positive
value of deflection indicates deflection in downward direction.

Stress and deflection contours from ISLAB2000 are also available in &igAré through E9-6.
Figure E9-10 illustrates relationship between maximum stresses goerstane differentials.

& & & & = Q| m

fiotate Aot vt Zrof. Scale Zoom | Res

Layer1 v Bottom = |  Stresses B

= (=]
Open Copy  Exit

et | About

=
Stresses in X-directi LY

Figure E9-4: Transverse Stress at the Bottom of the PCC Slab
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Fotete Herat, Vieroh, Zerct, Scale  Zoom
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L]
Open Capy  Exit
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Laper1 = Battom = | 7 Siresses -

X
Stresses in Y-directi LY

Figure E9-5: Longitudinal Stress at the Bottom of the PCC Slab
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Figure E9-6: Deflection of the PCC Slab
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Maximum stress, ps
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Temperature differential, °F

—e— Transverse stress at bottom of P&@— Longitudinal stress at bottom of PCC

E9-10: Relationship Between Stresses and Temperature Differentials
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Example 10:
Single Axle Corner Loading with Thermal Gradients

Problem Statement

Determine maximum stresses at the top of the PCC slab for the pawstent in Example 8
but apply corner loading condition considering temperature differeniifjsf -20, -10, and 0
o)

F.

Given

Temperature differentiah T = -20, -10, 0 °F

Problem Illustration

Tie bars $05m @36 ol
Dowelbars $1.25m @ 12m. ofc

- l T,
g 144 in top
18 kips L 101 Epee, pec, Hopee
= alw 161
1 1 ] 1 1 1 l 1 1 l l 1 1 [ ] ] l 1 1 ] l
T T 1 T T T T T T T T T T T T T T T T T T
1200
| | lig | AT= Tyop- Tyotom
180in 180in 120 in = = -20,-10,0 °F

Figure E10-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module

Use this module from Example 8.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module (see Figure E10-2)
Step 1: Follow steps 1 through 7 from the Load Module in Example 8.
Step 2: On the load panel (see Figure E8-11), éldt to add an axle.
Step 3: Selecsingle Axlein the Axle Name field.

Step 4: Enter an X-location and Y-location to locate the wheel load{Iteation and
Y-location for an edge loading condition can be computed as shown below:

X —location = Shoulder width + Distance dual whedl center to shoulder
— Distance dual wheel center to reference point

=120+ 20—[5 + 12} =1315in
2 2
Y —location = Joint spacing
=180

Step 5: Enter the load for the single axle (18,000 Ibs for this example).
Step 6: ClickOK to close the load panel.
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@ 151ab2000 [D-Avongchus\MDOT ProjectiT azk4\Examples\E xample10.mdb]

“ File Modules Bun  Options  Help
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“200m|1uu =] Show Meshl~

Show Load[™ Layer 1 E Shovw Layer freas
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[~ Batch Edit Bateh Avle Design 0K |
| | | Y

Figure E10-2: Edit Inputs for the Load Module

Temperature Module
(see Figures E9-2 and E9-3)

Step 1:
Step 2:

Step 3:

Step 4:
Step 5:

ClickT emperature to open the temperature properties panel.

On the temperature properties panel, seleBetlierm Temperature Analysis
andBatch check boxes.

Enter the temperature differential of the first casieeDiffer ence field (-20°F
for this example).

Clickedit Batch to open the layers temperature distributions panel.

On thé ayer 1 tab of the layers temperature distributions panel, thiskrt two
times to add two more cases of temperature differential, and then typthdne
two temperature differentials as identified in the problem s&ém
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[®)151ab2000 [D:\vongchus\MDOT Project\Task4\Examples\E xample10.mdb] =]
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Figure E10-3: Edit Inputs for the temperature module
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Figure E10-4: Edit Inputs for the Temperature Module (continued)
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Step 6: On théayer 2 tab of the layers temperature distributions panel, enter(@gro
in the other two temperature differentials across the base layer.

Step 7: ClickOK to close the layers temperature distributions panel.

Step 8: ClickOK to close the layers temperature properties panel.

Analysis Options Module
Use this module from Example 4.

The main panel should display the pavement structure, loading condition, éndgrasshown
in Figure E10-5.

[@)151ab2000 [D:\vongchus\MDOT Project\T ask4\E xamples\E xample10.mdb] [_ (O] x|
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‘Yoids
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Figure E10-5: Main Panel After the Completion of Inputs

Analysis Results

Stress at the top of the PCC, psi

o]
AT, F Transverse Longitudinal
-20 87.9 148.4
-10 63.2 95.2
0 38.9 47.5

Table E10-1: Analysis Results
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NOTE
Positive and negative values of stress signify tensile and comgregsssses and positive
value of deflection indicates deflection in downward direction.

Stress and deflection contours from ISLAB2000 are also available in §igaite6 through E10-
8. Figure E10-9 illustrates relationship between maximum stresses andaemgpdifferentials.
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Figure E10-6: Transverse Stress at the Top of the PCC Slab
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Figure E10-7: Longitudinal Stress at the Top of the PCC Slab
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Figure E10-8: Deflection of the PCC Slab
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E10-9: Relationship Between Stresses and Temperature Differentials
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Example 11:
Single Axle Edge Loading with Various PCC Edge Thicknesses

Problem Statement

Determine maximum stresses at the bottom of the PCC slab for thegravey/stem and loading
condition in Example 8 considering PCC thickness = 6, 8, 10, 12 in.

Given
PCC thickness = 6, 8, 10, 12 in.

Problem Illustration

Tie bars § 0.5 @ 36 in. cfe
Dowelbars $ 1250 @ 12in ofc

Dypee Epcc, @pee, Hpee

| T N O O |
N T T N O Ty I |
rrrrrrrrrnrt

—

I

s

B

| | | | Dpee=6,8,10,121n
180 in 180 in. 180 in.

Figure E11-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module
(see Figures E11-2 and E11-3)

Step 1: Click-ayersto open the layers panel.
Step 2: On the layers panel, enter the inputs as identified in themrstatement for the
PCC layer.
Step 3: ClickAdd Layer to open the layer panel, enfein theLayer number to add
field, and then sele@K.
Step 4: On the layers panel, selectlilager 2 tab, and then enter the inputs as identified
in the problem statement for the base layer.
Step 5: On the layers panel, selectltlager 1 tab, selecBatch, and then clickedit
Batch to open the layer 1 properties panel (see Figure E11-2).
Step 6: On the layer 1 properties panel clicgert three times to add three additional
cases, and then type the PCC thicknesses as identified in the prolidenesta
(see Figure E11-3)
Step 7: ClickOK to close the layer 1 properties panel, and then click OK to close the
layers panel.
[%)151ab2000 [D:\vongchus\MDOT Project\T ask4\Examples\Example11.mdb] =[0] x|
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Figure E11-2: Edit Inputs for the Layers Module
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S
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[ T T T
Figure E11-3: Edit Inputs for the Layers Module (continued)

Subgrade Module
Use this module from Example 8.

Joints Module
Use this module from Example 8.

Load Module
Use this module from Example 8.

Temperature Module

This module is not required for this problem.

Analysis Options Module
Use this module from Example 4.

The main panel should display the pavement structure, loadingtioon@nd meshing as shown
in Example 8, Figure E8-12.
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Analysis Results

Stress at the bottom of the PCC, psi

PCC thickness, in-

Transverse Longitudinal
6 151.8 199.3
8 102.3 148.0
10 72.1 114.5
12 52.8 90.9

Table E11-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgressigses and positive
value of deflection indicates deflection in downward direction.

Figure E11-4 illustrates relationship between maximum stresses anthiekiiass.
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Figure E11-4: Relationship Between Stresses and PCC Thickness
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Example 12:
Single Axle Edge Loading with Various Base Thicknesses

Problem Statement

Determine maximum stresses at the bottom of the PCC slab for thegravey/stem and loading
condition in Example 8 considering base thickness =4, 10, 16, 20, 26 in.

Given
4,10, 16, 20, 26 in.

Base thickness

Problem Illustration

Tie bars $ 0.5, @ 36 in cfc
Dowelbars $1.25in @ 12in ofc

2Is 5 144 in.
T 18 laips T B E poc, Opec, Fopoe
l I N N N N HMNY NN Y (Y T S Y N Y N Y MY NN NN MO
1 1 1 1 1 I 1 1 1 1 L 1 1 I 1 1 1 ) 1 1 1
120m
Dyase=4, 10, 16, 20, 26 in
| | | ’}
180 in. 180 in. 180 in.

Figure E12-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module
(see Figures E12-2 and E12-3)

Step 1: Click-ayersto open the layers panel.

Step 2: On the layers panel, enter the inputs as identified in themrstatement for the
PCC layer.

Step 3: ClickAdd Layer to open the layer panel, enfin theLayer number to add
field, and then cliclOK.

Step 4: On the layers panel, selectlilager 2 tab, and then type the inputs as identified
in the problem statement for the base layer.

Step 5: SeledBatch and then clickedit Batch to open the layer 2 properties panel (see
Figure E12-2).

Step 6: Click nsert three times to add three additional cases, and then enter the base
thicknesses as identified in the problem statement (see Figw®)E12

Step 7: ClickOK to close the layer 2 properties panel, and then €li€kio close the
layers panel.

@ISIabZUUU [D:\vongchus\MDOT Project\T ask4\Examples\Example12 mdb] — O] =

File Modules Fun Options  Help

Geometry greas||__ayals Subgrade  Joints Temperature Load Moids Analysis Options

Zoomlwﬂ ﬁ Show Mesh™  Show Load™ |Layem EShowLayerAreasl_

T T | | Input File 1D: [ Exampiel2

. -I—D
Number of layers: E Add Layer | Delete Layer &3 A Gl EeiErs
atch processing: Mo
Layer1  Layer2 I umber of batch cases: 1
MName: ILayer 2 X
Atus Beview Status
Thickness 4.000 eometny | | |
Elastic Modulus: 3.000=4 [eas
Poisson Ratic 030 apers U =m
ubgrade O m
i 3.00e-E
Coefficient of Thermal Expansian 13 cinks 0 =
Unit ' eight; 00810 emperature
Interface with above Layer | Unbonded 'l oad 1 | |
Interface K-value [T otzki M odel] oids
Description:
| € Default = Btk €~ Exceptions | Edit Batch ... ‘ Edit Evceptions.... |
@ Uniform cross section € Nonuniferm eross section || Edit Cross Section | oK |

| | \ .

Figure E12-2: Edit Inputs for the Layers Module
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L=k
Mumber of layers: |T AddLaper | Delete Layer
Layer1  Laper2 | ns
Mame: ILayer 2 r
Thickness: 4.000 Input File ID:|  Example12
Elastic Modulus: 3.000=4 Temperature analysis: Mo
Poisson Ratio:] 0,350 Max. number of terations:| 0
Coefficient of Themmal Expansion: 3.00e-E ﬁatc: D[DFZSS"’E: ’N1_D
— umber of batch cases:
Uit weight: 0.0610
Interface with above Layer: | Unbonded 'l Status Review Status
Interface K-value [Totski Model): Gieometry O ||
Lope 2 Propenics
I: Mumber of cases: E Insert | Delete :
= Caze |_ . Elastic | Poisson Coefficient Llnit Type of interface Interface s
E rumber | Thickness Madulus Ratio of Therl_nal ‘wieight with abowe Laper K-value Eeaeio] ]
- Expansion
1 4 3.000e4 0350 3.00e-6| 0.0610|Unbonded =
2 100 3.000e4| 0350 3.00e-6| 0.0670 {Unbonded
3 16 2.000e4| 0.350 3.00e-5| 0.0510|Unbondsd ]
4 200 3.000e4| 0350 3.00e-6| 0.05610 |Unbonded
4 3.000e4| 0350 3.00e-6| 0.0610|Unbonded

| | | 7

Figure E12-3 Edit Inputs for the Layers Module (continued)

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 8.

Temperature Module

This module is not required for this problem.

Analysis Options Module
Use this module from Example 4.

The main panel should display the pavement structure, loading condition, dndgrasshown
in Example 8, Figure E8-12.
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Analysis Results

Stress at the bottom of the PCC, psi

Base thickness, in-

Transverse Longitudinal
4 74.4 117.4
10 73.9 116.7
16 72.1 114.5
20 70.0 111.8
26 65.3 105.7

Table E12-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgresssses and positive
value of deflection indicates deflection in downward direction.

Figure E12-4 illustrates relationship between maximum stresses anithickeess.

350
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200

150

Maximum stress, psi

100

50

0 T T T T T

Base thickness, in.

—e&— Transverse stress at bottom of P&@— Longitudinal stress at bottom of PCC

Figure E12-4: Relationship Between Stresses and Temperature Differentials
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Example 13:
Single Axle Edge Loading with Various k-values

Problem Statement

Determine maximum stresses at the bottom of the PCC slab for thegravey/stem and loading
condition in Example 8 considering modulus of subgrade reaction, k-value, of 30, 65, 100, 150,
200 psi/in.

Given

k-value = 30, 65, 100, 150, 200  psi/in.

Problem Illustration

Tie bars $ 0.5, @ 36 in cfc
Dowelbars $1.25in @ 12in ofc

-+ -+ 144m.
-T- ]8 k_lps - ]0 11 EPCC, aPEC, I'I'PE':
I T 16
l [l 1 ] 1 ] | l ] l 1 ] 1 1 1 1 1 [ 1 1
1 T T 1 T 1 T T 1
120m
l ‘ : ‘ k-value = 30, §5, 100,
o & o
Eatlia? By 150, 200 psim.
180 . 1801n. 180 in. A

Figure E13-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module
Use this module from Example 8.

Subgrade Module
(see Figures E13-2 and E13-3)
Step 1: Click_ayersto open the layers panel.
Step 2: On the layers panel, enter the first input as identified imabem statement.

Step 3: On the layers panel, seBatch, and then clickdit Batch to open the
subgrade properties panel (see Figure E13-3).

Step 4: On the subgrade properties panel, thekrt four times to add four additional
cases, and then type the k-value for each case as identified in the problem
statement.

Step 5: ClickOK to close the subgrade properties panel, and then@HKcko close the
Subgrade panel.

[@)151ab2000 [D:\vongchus\MDOT Project\Task4AE xamples\Example13.mdb] _ ol =]

File Modules Fun Options  Help

Geametyy  Areas I__ayers|§ubgrade Joints  Temperature Load Yoids Analysis Options

Zoom |100 j Show Mesh[~  Show Load[™ | Layer 1 E Stiow Layer Sreasl™

Input File 1D: Examplel3

Temperature analysis: Mo
Max. number of iterations:| 0
Batchprocessng | No
Number of batch cases: 1
= winkler  Vlasoy
£ Spring I Ker Status Review Status
Geomnetny | | |
Subgrade K: 30 Areas
Wlagow and Kerr G: Layers U L
— Subgrade | | |
SR Joints | | |
Description: Vel
Load O ]
oids
" Default
& Batcli Edit Balch ...
" Exceptions Edit Enceptions ... oK

| \ | z

Figure E13-2: Edit Inputs for the Subgrade Module

-94 -



Part II: Examples

@ 151ab2000 [D:\vongchus\MDOT Project\T ask4AE xamples\Example13.mdb] O] x|

File Modules Run Option:  Help

Geometry  Areas Layers|§ubgrade Jointz Temperature Load Yoids  Analysiz Options

Zoom|1EIEI j Show Mesh[™  Show Load[ | Layer 1 EShowLayerAreasl_

Subgrade Input File 1D: Example13
& Wirkler  Vazsow Temperature analysis: Mo
o ol Max. number of iterations:| 0

pring eI
Batch processing: Mo
aT——— i Mumber of batch cases: 1
ubgrade Properties
Humb i ’? Insert | Delet Status Beview Status
umber of cases: hserl elete
Geometry | | |
Caze | Subgrade Wasow Ken - Areaz
Drescription
Bz number K andGKerr Ku ? Layers O | |
1 ;I Subgrade | | |
2 Joints | ||
3 Temperature
4 Load ] | |
» 5 Woids
-
0K
| | | Z

Figure E13-3: Edit Inputs for the Subgrade Module (continued)

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 8.

Temperature Module

This module is not required for this problem.

Analysis Options Module
Use this module from Example 4.

The main panel should display the pavement structure, loadingioondind meshing as shown
in Example 8, Figure E8-12.
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Analysis Results

Stress at the bottom of the PCC, psi

k-value, psif/in.

Transverse Longitudinal
30 77.6 146.6
65 74.5 126.3
100 72.1 114.5
150 69.4 103.7
200 67.2 96.5

Table E13-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgresssses and positive
value of deflection indicates deflection in downward direction.

Figure E13-4 illustrates relationship between maximum stresses and moidsiibgrade
reaction.

350

300

250

200

0 .\'\N
100 =
4

Maximum stress, ps

—— *—

50

0 T T T T
0 50 100 150 200 250

k-value, psi/in.

—e— Transverse stress at bottom of P&@— Longitudinal stress at bottom of PCC

Figure E13-4: Relationship Between Stresses and Modulus of Subgrade Reaction
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Example 14:
Single Axle Edge Loading with Various PCC Elastic Moduli

Problem Statement

Determine maximum stresses at the bottom of the PCC slab for thegravey/stem and loading
condition in Example 8 considering PCC elastic modulys, & 3, 4, 5, 6x1@psi

Given
3,4,5,6x1D psi

PCC elastic modulus,E

Problem Illustration

Tie bars $0.5in @ 36 in cfc
Dowelbars $1.25in @ 12in cfc

+ =l 144 in
- T8 e — 10 Epcc., apcc, l‘l'pcc
T T 16in
1 ] ] 1 l [ l 1 | l ] 1 l [ [ l [ | | |
T 1 T T T T 1 T T 1 T T T T 1 1 T T T 1 T
12010
L L& L& | Fyo= 3.4, 5, 6210% pai
pec 2 e e
™ 150 m 180in 180 m. ”

Figure E14-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module
(see Figures E14-2 and E14-3)

Step 1: Click-ayersto open the layers panel.

Step 2: On the layers panel, enter the inputs as identified in themrstatement for the
PCC layer.

Step 3: ClickAdd Layer to open the add layer panel, erzén theL ayer number to
add field, and then cliclOK to close the add layer panel and add the layer.

Step 4: On the layers panel, selectltlager 2 tab, and then type the inputs as identified
in the problem statement for the base layer.

Step 5: On the layers panel, selectltlager 1 tab, selecBatch, and then clickedit
Batch to open the layer 1 properties panel (see Figure E14-2).

Step 6: On the layer 1 properties panel, diagert three times to add three additional
cases, and then enter the PCC elastic modulus as identified in the problem
statement (see Figure E14-3).

Step 7: ClickOK to close the layer 1 properties panel, and then €liKkto close the
layers panel.

@ISIabZI][II] [D:AvongchushAMDOT Project\T ask4\Examples\Example14.mdb] o =] S

File Modules Fun Options  Help

Geometry  Areas |I:aye|s Subgrade Joints Temperatwe Load Yoids Analysis Options

Zoom 100 j Show Mesh[~  Show Load[™ ‘ Layer 1 E ShowLavendeazl™
[ I l || Input File 1D: Example1 4
Number of lapers: |7 Add Layer M ax. number of iterations:| 0
atch processing: Mo
Lagari | Layer2 | umber of batch cases: 1
Narme: |Layer 1 )
htus Eeview Status
Thickness: 10.000 Eeometny 0 u
Elastic Modulus: 3.000e6 reas
Poisson Ratic: TREN apers L m
S ubgrade | | |
iici ion: 5.00e8
Coefficient of Thermal Expansion: = dints 0 =
Lnit Weight: 0.0870 emperature
Interface with abave Layer | Dizable o first layer 'l oad | | |
Interface K-value [Totski Model): oids
Description:
| = Default o ™ Exceplions ‘ Edit Batch ... | Edit Exzeptions.... |

& Uniform cross section 7 Monuniform cross section || Edit Cross Section | oK |

| | | y

Figure E14-2: Edit Inputs for the Layers Module
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I=E]
Mumber of layers: |T Add Layer | Delete Laver | ‘
Layer 1 | Layer 2 | Ins |
Mame: ILayer 1 r
Thickness: 10.000 Input File ID:|  Exampleld
Elastic Modulus: 3.000e6 Temperature analysis: Mo
Poisson Ratio] 0180 Max. number of iterations:| 0
Coefficient of Thermnal Expansion; 5.00e-6 Ealct pran:s?IrLg' ’fj_n
— umber of batch cases:
Urit W eight: 0.0870
Interface with above Laper:| Dizable for first laper 'l Status Beview Status
Interface K-value [Tatski Model): Geometry O ]
Description: AIEED
) Lavers ] |
n
|
[ Number of cases: |4 Insert | Delete
. . i |
| Case Elastic | Poisson | Coefficient |y Type of interface | Interfane -
number | Thickness | 400 o Fiatia of Thermal ‘wieight with abave Layer K-value DieseiEm
E zpanszion
1 10)  3.000eE 0150 B.00e-E| 0.0270 Disable for first laper ;I
2 10 4.000eR 0.150 F.00e-6| 0.0870|Disable for first layer
3 1 0.150 F.00e-6| 0.0870|Disable for first laper
4 4 0.150 5.00e-6| 0.0870 | Dizable for first layer
OF
[ \ | |

Figure E14-3: Edit Inputs for the Layers Module (continued)

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 8.

Temperature Module

This module is not required for this problem.

Analysis Options Module
Use this module from Example 4.

The main panel should display the pavement structure, loading condition, dndgrasshown
in Example 8, Figure E8-12.
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Analysis Results

Stress at the bottom of the PCC, psi

Eoco x10" psi Transverse Longitudinal
3 69.5 105.8
4 72.1 114.5
5 73.9 121.2
6 75.1 126.7

Table E14-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgressigses and positive
value of deflection indicates deflection in downward direction.

Figure E14-4 illustrates relationship between maximum stresses andI&HC modulus.

350

300

250

200

150

Maximum stress, ps

100

50

0 T T T T
2 3 4 5 6 7
Epce: x10° psi

—e— Transverse stress at bottom of P&@— Longitudinal stress at bottom of PCC

Figure E14-9: Relationship Between Stresses and PCC Elastic Modulus
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Example 15:
Single Axle Edge Loading with Various Base Types

Problem Statement

Determine maximum stresses at the bottom of the PCC slab for thegravey/stem and loading
condition in Example 8 considering three different base types: denselgggiegate base
(DAGB), permeable asphalt-treated base (PATB), lean concrete baBg (LC

Given

Epace = 3x1d psi
Epate = 3 X 16 pSl
E cs = 2 X 1@ pSl
IJ-DAGB = 0.35
HPATB = 0.35

HLCB = 0.2

Problem Illustration

Tie bars $0.5in @ 36 in cfc
Dowelbars $1.25in @ 12in cfc

1 + 144in
4 18 kips - 10 E Ppee,y apcc, HPpee
I I 16in
1 ! 1 1 ! 1 ! 1 1 ! 1 ! ! (| ] ! ] ! (| (|
T 1 T T T T T T T T T T T T T T T T T T T
120in
le le L | Eyp o= 2x10F, 32107, 22100 psi
a 180 180 180 i

Figure E15-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module
(see Figures E15-2 and E15-3)

Step 1: Click-ayersto open the layers panel.

Step 2: On the layers panel, enter the inputs as identified in themrstatement for the
PCC layer.

Step 3: ClickAdd Layer to open the add layer panel, erzén theL ayer number to
add field, and then cliclOK to close the add layer panel.

Step 4: On the layers panel, select lilager 2 tab, and then enter the inputs as
identified in the problem statement for the base layer.

Step 5: SeledBatch, and then clicledit Batch to open the layer 2 properties panel (see
Figure E15-2).

Step 6: On the layer 2 properties panel, dicgert two times to add two additional
cases, and then type the base elastic modulus and Poisson’s ratio fisddenti
the problem statement (see Figure E15-3).

Step 7: ClickOK to close the layer 2 properties panel, and then €liKkio close the
layers panel.

@ISIahZI]I]U [D:\vongchusiMDOT Project\T ask4\Examples\E xample15.mdb] _[of =

File Modules Run  Options  Help

Geometry Areas | Lapers Subgrade Joints Temperature Load Moids Analysic Dptions

Zoom |100 :II Shave Meshl™  Show Load™ | Layer 1 E Shiow Laver Areasl™

Input File 1D: Example15

Temperare s | Mo
Number of lapers: E Add Laper | Delete Layer Max. number of iterations:| 0
Laper 1 Laver 2 I Batch processing: Mo
Nurnber of batch cases: 1
Mame: ILayer 2
Thiskness 15.000 5‘;"“ Heéa"“ Stiug
eomet
Elastic Modulus: 3.000e4 Y
Areas
Poizsan A atio: 0.350 Layers O ]
Coefficient of Thermal Expansion: 3.00e-6 Subagrade | | |
Unitweight 00610 Joints U =
Temperatuie
Interface with above Layer | Unbonded hd Load 0 n
Interface K-value [Totski Model} Woids
Description:
| i Default & Hatck " Exceptions | Edit Batch | Edit Ereeptinns |
@ Uniform cross section ¢ Nonuniform eross ssction | Edit Cross Section | ok |

| | | Y.

Figure E15-2: Edit Inputs for the Layers Module
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IEx
Humber of layers: E Add Laper | Delete Laper
Laper1  Layer2 | I |
Mame: ILayer2 r
Tk 16.000 Input File ID- Exampl=15
Elastic: Modulus: 3.000=4 Temperature analpsis: No
Paisson Ratio] — 0.350. Max. number of iterations:| 0
— Batch processin No
Coefficient of Thermal Expansion: 3.00e6 Numbepr o batchgcases' ’1—
Uit Weight: 0.0810
Interface with above Laper:| LInbonded - Status Feview Status
Interface K-value [Totski Maodel): EEDmElW 0 L}
reas
Description: - O ™
Layer 2 Properties | |
| |
[ Number of cases: |? Insert | Delete
i | |
T Caze . Elastic Puaissan Coefficient Unit Tupe of interface Interface .
number|Thickness | qoine | Rapig | of Thermal "wdeight with above Laper K-walue DizsEt
Expangion
1 16| 3000e4  0.350 300e-6| 0.0610|Unbonded ;l -
2 16| 20005  0.350 300s-6| 0.0610|Unbonded
4 3 16 0.350 300e-6| 0.0610|Unbonded
oK

Figure E15-3 Edit Inputs for the Layers Module (continued)

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module
Use this module from Example 8.

Temperature Module

This module is not required for this problem.

Analysis Options Module
Use this module from Example 4.

The main panel should display the pavement structure, loading condition, éndgrasshown
in Example 8, Figure E8-12.
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Analysis Results

Stress at the bottom of the PCC, psi

Base type Transverse Longitudinal
DAGB 72.1 1145
PATB 56.0 93.6

LCB 25.4 48.1

Table E15-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgressigses and positive
value of deflection indicates deflection in downward direction.

Figure E15-4 illustrates relationship between maximum stresses angyase

350

300

250

200

150

100 ~

‘ = B
0

DAGB PATB LCB

Maximum stress, ps

Base type

O Transverse stress at bottom of PBCongitudinal stress at bottom of PCC

E15-4: Relationship Between Stresses and Base Type
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Example 16:
Repeat Example 13 with a Thermal Gradient

Problem Statement

Repeat Example 13 but at the same time, apply temperature diffedhtiaf, +20°F.

Given
Modulus of subgrade reaction, k-value = 30, 65, 100, 150, 200 psifin.
Temperature differentialyT = +20 °F.

Problem Illustration

Tie bars $0.5in @ 36 in. ofc
Dowelbars $1.25n @ 1210 ofc

101n. E pec, pee, Hpee

Ttup

T — L,
%~ 0 ff hottom

‘Ebaseaabises Fhase

| T T T T I I |
| T T T N T I |
11T

—

~

=

B

120m

l | | | k-value =30, 65, 100,
€ e > > 150, 200 psifin

180 . 180 m. 180 in.
bottom = +20 °F

AT=T, - T

Figure E16-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module

Use this module from Example 8.

Subgrade Module

Use this module from Example 13.

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 8.

Temperature Module
(see Figure E16-2)

Step 1: ClickTemper atur e to open the temperature properties panel.

Step 2: Select theerform Temperature Analysis and the Batch check boxes.

Step 3: Enter the temperature differential of the first aasieeiDiffer ence field (20°F

for this problem).

[#)151ab2000 [D:\vongchus\MDOT Project\T ask4\E xamples\E xample16.mdb] =10 x]

File Modules Run  Options  Help

Geometry Atsas Layers Subgrade Joints | Temperatue Load Woids Analysis Options

ZoumlTUU ﬁ Show Meshl™  Show Load[™ |Laye|1 EShowLayelAreasl_

Input File ID:|  Examplelf
Temperature analpsis: 'T
Max. number of iterations:| 0
Batch processing | Ho
Humber of batch cases: | 1
Layers Temperature Properties Beview Statug
¥ Perform Temperature Analpsis n .
0O =
Temperatures O (]
Layer _ Middle Bottom | Reference| « | O [ ]
- 0 =
I
™ Batch  Edit Nonlinear 0K N
| | \ 4
Figure E16-2: Edit Inputs for the Temperature Module
Step 4: ClickOK to close the layers temperature properties panel.
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Analysis Options Module

Use this module from Example 4.
The main panel should display the pavement structure, loading condition, éndgrasshown
in Example 8, Figure E8-12.

Analysis Results

Stress at the bottom of the PCC, psi

k-value, psif/in.

Transverse Longitudinal
30 107.7 198.8
65 124.9 211.5
100 139.7 224.5
150 157.3 240.1
200 171.7 252.4

Table E16-1: Analysis Results

NOTE

Positive and negative values of stress signify tensile and comgressigses and positive
value of deflection indicates deflection in downward direction.

Figure E16-3 illustrates relationship between maximum stresses and moidsiibgrade
reaction.

350

300

250 —a

200 r/'//./
150 _—*

100 /

50+

Maximum stress, ps

0 T T T T
0 50 100 150 200 250

k-value, psifin.

—e— Transverse stress at bottom of P&@— Longitudinal stress at bottom of PCC

Figure E16-3: Relationship between stresses and modulus of subgrade reaction
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Example 17:
Repeat Example 14 with a Thermal Gradient

Problem Statement

Repeat Example 14 but at the same time, apply temperature diffedhtiaf, +20°F.

Given
PCC elastic modulus,,E = 3,4,5 6x10 psi
Temperature differentialyT = +20 °F.

Problem Illustration

Tie bars $0.5in @ 36 in. ofc
Dowelbars $1.25n @ 1210 ofc

_/ T L T
£ £ 144 in top
L 13 g L 101n. E pec, pee, Hpee
:: :: veaha Thnttnm
T T 16in /

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

120
L L L | Epee=34, 5, 62100 psi
1801, 1801, 1801, -

AT=Ty, - T,

ottom = T20 °F

Figure E17-1: Problem lllustration

-108 -



Part II: Examples

Solution

Geometry Module

Use this module from Example 8.

Layers Module

Use this module from Example 14.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 8.

Temperature Module

Use this module from Example 16.

Analysis Options Module

Use this module from Example 4.
The main panel should display the pavement structure, loading condition, dndgrasshown
in Example 8, Figure E8-12.

Analysis Results

Stress at the bottom of the PCC, psi

Eoco x10" psi Transverse Longitudinal
3 131.6 203.0
4 139.7 224.5
5 145.2 240.7
6 149.2 253.5

Table E17-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgresssses and positive
value of deflection indicates deflection in downward direction.
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Figure E17-2 illustrates relationship between maximum stresses andI&TC modulus.

350
300
250
200
150

100

Maximum stress, ps

50

0

Epce, X10° psi

—e— Transverse stress at bottom of PS@— Longitudinal stress at bottom of PCC

Figure E17-2: Relationship Between Stresses and PCC Elastic Modulus
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Example 18:

Repeat Example 15 with a Thermal Gradient

Problem Statement

Repeat Example 15 but at the same time, apply temperature diffesshtiaf,+20°F.

Given

Epace =

Epate =

Eice =

IJ-DAGB = 0.35
HPATB = 0.35
HLCB = 0.2
AT = +20°F.

Problem Illustration

3 x 10 psi
3x 10 psi
2 x 16 psi

Tie bars $ 0.5 m. (@& 36 in. cfc

Dowelbars $1.25m @ 12in ofc

+ 4 4din tap
+ 18 kips + 10m. E pee, Cpee, Ppee
41 41 ST Tbm.tom
T T 16in
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
T 1 T T T T T T T T T T T T T T T T
120 1.
4 5 6 .
| | | | EHBSEZBXIU L 32107, 2x107 psi
180mn 180 mn 1801n -l

AT=Ty, - T,

ottom = +20°F

Figure E18-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module

Use this module from Example 15.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 8.

Temperature Module

Use this module from Example 16.

Analysis Options Module

Use this module from Example 4.

The main panel should display the pavement structure, loading condition, dndgrasshown

in Example 8, Figure E8-12.

Analysis Results

Stress at the bottom of the PCC, psi

ase type Transverse Longitudinal

DAGB 139.7 224.5
PATB 157.5 223.7
LCB 194.0 223.9

Table E18-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgresssses and positive
value of deflection indicates deflection in downward direction.
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Figure E18-3 illustrates relationship between maximum stresses angase

350
300
250
200

150

Maximum stress, ps

100

50

0

DAGB PATB LCB

Base type

O Transverse stress at bottom of PBCongitudinal stress at bottom of PCC

Figure E18-3: Relationship Between Stresses and Base Type
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Example 19:
Single Axle Edge Loading with Various Load Levels

Problem Statement

Repeat Example 8 but consider several axle weight levels for singlel@x15, 18, 21, 25 kips

Given
Loading configuration = single axle
Axle weight = 10, 15, 18, 21, 25 kips

Problem Illustration

Tie bars $0.5m @ 36m cfc
Dowelbars ¢125m @ 12in cfc

-+ - 144 in
ol 10, 15, 18; s 10 m. Epcc, (’-pcc, Hpee
-+ 21, 25 kips - _
T T 16in

1 l 1 1 1 ] l 1 ] l 1 1 1 | | l ] l | ]

I 1 I 1 1 I 1 I I 1 I 1 I I 1 1 I 1 I 1 1

1201n
| | | |
180 in 180 in 180 in

Figure E19-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module

Use this module from Example 8.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module
(see Figures E19-2 and E19-3)
Step 1: Follow steps 1 through 10 of Example 8.
Step 2: Enter the load for the first case of single axle (10,000 Idsigaxample).
Step 3: SeledBatch and then clickedit Batch to open the batch load panel (see Figure

E19-2).

Step 4: ClickAdd four times, and then enter the other four axle weights.

Step 5: ClickOK to close the batch load panel, and then olidk to close the Load
panel.
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@ 151ab2000 [D:\vongchus\MDOT Project\T ask4\Examples\Example19. mdb] M =1E3
File Modules Fun  Options  Help
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Figure E19-2: Edit Inputs for the Load Module
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M s

0K

&\—‘

Figure E19-3: Edit Inputs for the Load Module (continued)

Temperature Module

This module is not required for this problem.
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Analysis Options Module

Use this module from Example 4.

The main panel should display the pavement structure, loading condition, dndgreesshown

in Example 8, Figure E8-12.

Analysis Results

Stress at the bottom of the PCC, psi

Axle wt., kips Transverse Longitudinal
10 43.6 74.1
15 62.1 101.2
18 72.1 1145
21 86.1 139.6
25 104.5 172.2

NOTE

Table E19-1: Analysis Results

Positive and negative values of stress signify tensile and comgresssses and positive
value of deflection indicates deflection in downward direction.

Figure E19-4 illustrates relationship between maximum stresses aneeigi.

350

300

250

200

150

Maximum stress, psi

100

0

5 10

—e&— Transverse stress at bottom of P&@— Longitudinal stress at bottom of PCC

15 20

Axle weight, kips

Figure E19-4: Relationship Between Stresses and Axle Weight
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Example 20:
Tandem Axle Edge Loading with Various Load Levels

Problem Statement

Repeat Example 8 but consider several axle weight levels for tanden28xe5, 32, 40 kips

Given
Loading configuration = tandem axle
Axle weight = 21, 25, 32, 40 kips

Problem Illustration

Tie bars $0.5m @ 36m cfc
Dowelbars ¢125m @ 12in cfc

144 in

10m. E pee, Cpee, Hpee

21,25, 32,
40 kips

120 in

180 in 180 in 180 in

Figure E20-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module

Use this module from Example 8.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module
(see Figures E20-2 through E20-4)

Step 1: Click_oad to open the load panel.

Step 2: ClickAxle Design to open the axle design panel (see Figure E20-2), and then
enterTandem Axle in theAxle Name field.

Step 3: Enter the tire pressure in Triee Pressur e field. The tire pressure of the wheel
load can be computed as shown below (for more detail, see standard
configuration of tandem axle):

Tire Pressure =

Wheel Load 4,0001bs
= — — =80 ps
Contact Area  5in.x10in.

Step 4: Enter the tire width in tiere Width box (5 in. for this example).

Step 5: Enter wheel spacing information as shown in Figure E20-2.

Step 6: SeledBottom L eft for the reference point position.

Step 7: ClickOK to close the axle design panel.
Step 8: On the load panel, cligékdd to add a load (see Figure E20-3).

Step 9: In theAxle Name field, selecfTandem Axle.

Step 10:  Enter X-location and Y-location information to locate the whae! k-location
and Y-location for an edge loading condition can be computed as shown below:

X —location = Shoulder width + Distance dual wheel center to shoulder — Distance dual wheel center to reference point

=120+ 20—[5 +12j =1315in
2 2

Joint spacing _ wheel load length  wheel spacing

Y —location = Joint spacing + )

180 10 42

=180+ =—-—-—"% = 244in
2 2 2

2 2
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Step 11:  Enter the load for the first case of tandem axle (21,000 Ibs).

Step 12:  Seled®atch and then clickedit Batch to open the batch load panel (see Figure
E20-4)

Step 13:  ClickAdd three times to add three additional tandem axle cases, and then enter
the other three axle weights.

Step 14:  ClickOK to close the batch load panel, and then clé&kto close the load
panel.

@ISI&IJZI]I]U [D:AvongchushAMDOT Project\T ask4:\Examplesi\E xample20. mdb] =]

i |
= I
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\ | >
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Tire Pressure: | (] i
|

[ Geometiy

" Aspect Ratio [hfa]:l
& Tire Width [b]: | 5 o

R
Lt WheelSpacing—————————— | | EI [ _
7 s1: 12
~ sz 72
I~ Batch Edit Biateh Aule Design V¥ 53 a4
[~ Axle Spacing

N g |53
o L2:| [
- Reference Point

Pasition: | Bottom Left ™ H O3 O
¥-Coordinate: oE R =1
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Delete Clear Save 0K | L2

| | | y

Figure E20-2: Edit Inputs for the Load Module
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Figure E20-3: Edit Inputs for the Load Module (continued)
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| [®)151ab2000 [D:\vongchus\MDOT Project\T ask4\E xamples\Example20.mdb] O] x|
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Figure E20-4: Edit Inputs for the Load Module (continued)

Temperature Module

This module is not required for this problem.

Analysis Options Module
Use this module from Example 4.

The main panel should display the pavement structure, loading condition, dndgreesshown
in Figure E20-5.

[@)151ab2000 [D:\vongchus\MDOT ProjectiT ask4\Examples\E xample20.mdb] [_ O] x]
File Modules Fun Options  Help ‘
Geomety Areas Layers Subgrade Joints Temperatwe Load Woids Analysiz Options
Zoom |100 ﬁ Show Mesh¥ Show Load¥ | Layer 1 E Ghowlaper Areass

Input File ID:|  Example20
Temperature analysis: MNa
M. number of iterations: ,T
=1
&——j Batch processing: Tes
Number of batch cases: 4
Status Review Stahus
i::j Geometry O [ |
Areas
Layers O | |
Subgrade O [ |
Jaints O =
Temperature
Load O | |
Yoids

-
ey,

N

| | | Y

Figure E20-5: Main Panel After the Completion of Inputs
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Analysis Results

Stress at the bottom of the PCC, psi

Axle wt., kips Transverse Longitudinal
21 58.7 91.7
25 69.4 107.2
32 87.3 131.6
40 108.6 164.0

Table E20-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgressigses and positive
value of deflection indicates deflection in downward direction.

Stress and deflection contours from ISLAB2000 are also available in §igafe6 through E20-
8.Figure E20-9 illustrates relationship between maximum stresses andeitie.

= B o
Open Copy Exit

C;C;C;O"ﬂ@l-

fiotaie dorof. vt 2ol Scale Zoom | Reset

About ‘

X
Stresses in X- dlrectl

Layer1 v Bottom

= Sire:

873
809
73
61.7
52.1
425
3249
232
135
40
55
-162
-248
-34.4
-376

Figure E20-6: Transverse Stress at the Bottom of the PCC Slab, 32-kips Axle Weight
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]
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‘ ‘ I- 589
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1516
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1135
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Figure E20-7: Longitudinal Stress at the Bottom of the PCC From ISLAB2000, 32-kips Axle Weight
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Figure E20-8: Deflection of the PCC slab, 32-kips Axle Weight
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Maximum stress, ps

350

300

250

200

150
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50
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25 30 35 40
Axle weight, kips

—e— Transverse stress at bottom of PS@— Longitudinal stress at bottom of PCC

Figure E20-9: Relationship Between Stresses and Axle Weight
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Example 21.:
Tridem Axle Edge Loading with Various Load Levels

Problem Statement

Repeat Example 8 but consider several axle weight levels for tridem?axI25, 32, 40 kips.
Then, compare the results for 21 and 25 kips loading with the results from Esat8pand 20.

Given
Loading configuration = tridem axle
Axle weight = 21, 25, 32, 40 kips

Problem Illustration

Tie bars $0.5in @ 36 in cfc
Dowelbars $1.25in @ 12in cfc

Oin E pee, alu:c, HPpee

21,2532, ket

A0 laps

S T Y Y O |
N N T N N N oy o |
rrrrrrrrrrtT

161n,

12010

180m. 1800, 180 m,

Figure E21-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module

Use this module from Example 8.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module
(see Figures E21-2 through E21-4)

Step 1: Click_oad to open the load panel.

Step 2: On the load panel, cliéikle Design to open the axle design panel (see Figure
E21-2), and then entdridem Axle in theAxle Name field.

Step 3: Enter the tire pressure in Tiee Pressurefield. The tire pressure of the wheel
load can be computed as shown below (for more detail, see standard
configuration of tridem axle):

Tire Pressure =

Wheel Load 6,5001bs
=— — =65 ps
Contact Area  5in.x10in.

Step 4: Enter the tire width in tiere Width box (5 in. for this example).

Step 5: Enter wheel spacing information as shown in Figure E21-2.

Step 6: SeledBottom L eft for the reference point position.

Step 7: ClickOK to close the axle design panel.

Step 8: On the load panel, cligéldd to add additional loads.

Step 9: In the Axle Name box, seldatidem Axle.

Step 10:  Enter X-location and Y-location information to locate the whae| k-location
and Y-location for edge loading condition can be computed as shown below:

X —location = Shoulder width + Distance dual wheel center to shoulder — Distance dual wheel center to reference point

=120+ 20—[5+12j =1315in
2 2

Y —location = Joint spacing +

180_10

=180+ —-—-42=223in
2 2

Joint spacing _ wheel load length
2

5 —wheel spacing
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Step 11:  Enter the load for the first case of tridem axle (21,000 Ibs).

Step 12:  SeledBatch, and then clickedit Batch (see Figure E21-3) to open the batch
load panel (see Figure E21-4).

Step 13:  ClickAdd three times to add three additional axles, and then enter thetotwer
axle weights.

Step 14:  ClickOK to close the batch load panel, and then click OK to close tlie loa
panel.
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Figure E21-2: Edit Inputs for the Load Module
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Figure E21-3: Edit Inputs for the Load Module (continued)
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@ISIabZDDO [D:\vongchus\MDOT ProjecthT ask4\Examples\E xample21.mdb] O] x|
File Modules Run  Options  Help |

Geomety Areas Lapers Subgrade Joints Temperature | Load Yoids  Analsis Options
ZUUmITUU j ShowMeshl™  Show Load[™ | Layer 1 E Stiow Layer Areasl

Input File ID:| Exanele?1

(= Place Axles £~ Place Triucks Temperature analysis: Mo

Mas. number of terations:| 0

Add | Delete:
| | - — — Batch processing: Na
IAKIB Numherl Reference PulnlI Axle Name I X-Lucallunl Y-Lucallunl Load I Nurber of batch cases ,17
¥ 1 | BotomLeft | Tridem Al | 1315 | 223.0 21000
it Bl G
Batch Load
Add | Delete | Axle Load
Case Tridem Axle ;I
21000
2z 25000
3 33000
P a

\ \ \ &

Figure E21-4: Edit Inputs for the Load Module (continued)

Temperature Module
This module is not required for this problem.

Analysis Options Module
Use this module from Example 4.

The main panel should display the pavement structure, loading condition, dndgreesshown
in Figure E21-5.
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Figure E21-5: Main Panel After the Completion of Inputs
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Analysis Results

Stress at the bottom of the PCC, psi

Axle wt., kips Transverse Longitudinal
21 44.1 57.4
25 51.9 66.5
39 77.6 99.9
45 90.8 113.1

Table E21-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgressigses and positive
value of deflection indicates deflection in downward direction.

Stress and deflection contours from ISLAB2000 are also available in §igade6 through E21-
8. Figure E21-9 illustrates relationship between maximum stresses ameeaihe. Figures E21-
10 and E21-11 illustrate the comparison of the stresses between single, tantbigidem axle at
the same level of loading.
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Figure E21-6: Transverse Stress at the Bottom of the PCC Slab, 32-kips Axle Weight
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Figure E21-7: Longitudinal Stress at the Bottom of the PCC From ISLAB2000, 32-kips Axle Weight
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Figure E21-8: Deflection of the PCC slab, 32-kips Axle Weight
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Maximum stress, psi

[
o

0
20 25 30 35 40 45 50

Axle Weight, kips
—— Transverse stress at bottom of PCC  —s— Longitudinal stress at bottom of PCC

Figure E21-9: Relationship Between Stresses and Axle Weight

Maximum stress, psi

Single Tandem Tridem
Axle configuration

.Transverse stress at bottom of PCC . Longitudinal stress at bottom of PCC

Figure E21-10: Relationship Between Stresses and Axle Type, Axle Weight of 21 kips

Maximum stress, psi

Single Tandem Tridem

Axle configuration
. Transverse stress at bottom of PCC - Longitudinal stress at bottom of PCC

Figure E21-11: Relationship Between Stresses and Axle Type, Axle Weight of 25 kips
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Example 22:
Single Axle Edge Loading with Various CTE Values

Problem Statement

Repeat Example 8 but consider several PCC coefficient of thermal e)maﬁ(],g(jc, of 3,5, 7,
9x10° in./in.°F and at the same time, apply temperature differefflglpf +20°F. Then

compare the results with the results from Example 9 by plotting a graph lusipgpptducOl.AT
for X-axis.

Given
PCC coefficient of thermal expansicﬂpCC = 3,5,7,9x108 in./in.fF
Temperature differentialyT = +20 °F.

Problem Illustration

Tie bars $0.5in, @ 36 in. cfc
Dowelbars $125in @ 120 cfe

AE I ain Tiap
= 18 kips i pec Elml:? %pee, Hpee
| TN SN TN I T N SN S (NN TN (N N NN S (NN (NN TN N S NN |
| S B B | E S B e | R S S B D
120m
" it i | Opee=3, 5,7, 95100 in fin /°F
180n. 1200 180 in. i AT=Tigp= Toopsom=+20"F

Figure E22-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module
Step 1: Follow steps 1 through 5 of this module in Example 14.

Step 2: Click nsert three times to add three additional cases, and then enter the PCC
coefficient of thermal expansion as identified in the problem statessat (
Figure E22-2).

Step 3: ClickOK to close the layer 1 properties panel, and then €liKkto close the
layers panel.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 8.

Temperature Module

Use this module from Example 16.

Analysis Options Module

Use this module from Example 4.
The main panel should display the pavement structure, loadingioondind meshing as shown
in Example 8, Figure E8-12.

Analysis Results

Stress at the bottom of the PCC, psi

a, x10%in./in.PF

Transverse Longitudinal
3 112.6 180.5
5 139.7 224.5
7 166.7 268.6
9 193.5 313.3

Table E22-1: Analysis Results
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Stress at the bottom of the PCC, psi

a, x10%in./in.PF AT, °F O.AT, x10° e —— Tongitudinal

From Example 9
5 0 0 72.1 114.5
5 10 50 105.9 169.5
5 20 100 139.7 2245

From Example 22
3 20 60 112.6 180.5
5 20 100 139.7 2245
7 20 140 166.7 268.6
9 20 180 193.5 313.3

Table E22-2: Comparison of Analysis Results
NOTE

Positive and negative values of stress signify tensile and comgresssses and positive
value of deflection indicates deflection in downward direction.

Figure E22-3 illustrates relationship between maximum stresses andde@iCient of thermal

expansion. Figure E22-4 illustrates relationship between maximum stessbéhe produd AT
from this example and Example 9.

350
300 -

B 250 /
g 200
é 150 /
g 100
50
0 T T T T
0 2 4 6 8 10

o, x10°in/in’F

—e&— Transverse stress at bottom of P&@— Longitudinal stress at bottom of PCC

Figure E22-3: Relationship Between Stresses and PCC Coefficient of Thermal Expansion
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Maximum stress, ps
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O AT, x10°

——— Transverse stress at bottom of PCC (Example 9)—s—— Longitudinal stress at bottom of PCC (Example 9)
- =A- =Transverse stress at bottom of PCC (Example 22)-x= = Longitudinal stress at bottom of PCC (Example 22)

Figure E22-4: Comparison of the Results from Example 9 and Example 22
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Example 23:
Single Axle Wander

Problem Statement

Analyze three pavement systems: 1) 12-ft lane width with tied PCCdsrd@xample 8), 2) 12-
ft lane width with untied AC shoulder, 3) 12-ft lane width with untied AC shouldsen éonsider
lateral wanders of axle loading from shoulder toward the lane center6;12.6, 12, 18, 30, 60
in. (distance from shoulder to outer edge of wheel load)

Given
Lateral support condition = PCC shoulder, AC shoulder, widened lane
Lateral wanders = -12, -6, 0, 6, 12, 18, 30, 60 in.

Problem Illustration

12-ft lane width with PCC shoulder

-+ + 144 in.
N Y Y N TN Y NN [N TN NN N T N TN N NN TN TN N TN TN |
{ B B N B R — | I N B E— — { N B N B
Tied PCC shoulder 120 @
180 1 180 in 180 i -
12-ft lane width with AC shoulder 10m. E pec, ®pec, Mpee
16
144 1n
value = 100 psifin =
Tntied AC shoulder 1201n
= 18040, 180 in. 180, i *
14-ft lane width with AC shoulder Lateral wanders:
Y -12,-6.0,6. 12, 18. 30,
b 60.in. from shoulder

168 in.

Untied AC shoulder

< >

-~

180 in 1801n 1801 -

Figure E23-1: Problem lllustration

-136 -



Part II: Examples

Solution
Part 1: 12-ft lane width with tied PCC shoulder

Geometry Module

Use this module from Example 8.

Layers Module

Use this module from Example 8.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module
(see Figure E23-2)
Step 1: Follow steps 1 through 9 of this module in Example 8.

Step 2: Enter X-location and Y-location information to locate the whadl M-location
and Y-location for an edge loading condition can be computed as shown below:

X —location = Shoulder width + +Lateral placement

=120+ +Lateral placement

X-location inputs for all eleven lateral placements considered iptbidem are
summarized in Table E23-1.

Y —location = Joirt spacing + Joint s;am ng wheel load Iength.

2

=180+ 189_10_eein
2 2

Step 3: Type the load for the single axle (18,000 Ibs for this example).
Step 4: ClickOK to close the load panel.

Temperature Module

This module is not required for this problem.

Analysis Options Module
This module is not required for this problem.

At this stage, all the steps for inputs are completed for theofidst lateral placements. If all the
inputs are correct, the main panel should display the pavement structdireg loandition, and
meshing as shown in Figure E23-3. For the next lateral placement, apply theti¥Aas the
calculated value to be used shown in Table E23-1.
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Lateral placement

@in.)

X-Location input

-12 108
-6 114
0 120
6 126
12 132
18 138

30 150

48 168

Table E23-1: X-location Input for each Lateral Placement

=10l |

“ Eille Modules Rum Options  Help

“ Geometry  Areas Lapers Subagrade  Joimts Temperature | Load Yoids  Analysis Options

|| ZDDml‘IEID _I; Show Meshl™  ShowLoad[™ Laper 1 Shiow LapensreaslT

Input File 1D:| ExampleZ30711
| ‘ ‘ Trmnerahire analysis: No:
load of Reratiors[ 0
f« Place Axles " Place Trucks sing: Mo
add | Dilate | atch cases: 1
Axle Humherl Reference Pnintl Ayle Mame X-Location Y—anatinn! Load I Review Status
L4 1 Bottom Left 5 108.0 2E5.0 18000 I m
O m
O m
0O m
O m
[~ Batch EdtBateh Aule Design Ok |

| | | 4

Figure E23-2: Edit Inputs for the Load Module (12-ft lane width)
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[ﬂ»_ 15lab2000 [C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4\temp04) Taska' i ] |

File Modules Run  Option:  Help |

Geometry  Areas Layers Subgrade Joints Temperature Load Voids Analysis Options

“ Foom |1 on _l? Show Mesh[w  Show Load v Layer 1 E Sho Laper freas]
— eSS SRR

Input File 1D:|  Exampl=23011
Temperature analysis: Mo
Max. rumber of iterationz: | 0
Batch processing: | Mo
Mumber of batch cases: 1

Status Beview Status
Gearmetry ] | |
Areas
Lamers O | |
Subgrade | | |
Jaints | |
Temperature
Load | | |
Woids

| | | /4

Figure E23-3: Main Panel After the Completion of Inputs (12-ft lane width with PCC shoulder)

Part 2: 12-ft lane width with untied AC shoulder

Geometry Module

Use this module from Example 8.

Area Module
(see Figure E23-4)

Step 1: ClickArea to open the area panel, clidddd to add an area, and then enter
Shoulder in theArea Name field.

Step 2: Seledtoor dinates in theCoor dinate Type box.
Step 3: Enter the coordinate for the shoulder area as identified irotilerprillustration.

Step 4: ClickOK to close the area definition panel.
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File Modules Fun Options  Help

geometrylg[eas Layers Subgrade Joints Temperature Load Moids  Analysis Options

”Zooml'IDD ::IJ Show Mesh™  Show Loadl™ | Layer 1 EShowLaper.&leasr

I T ] || Input File ID:|_Example2352_

foss: [ Mo
erations:| 0

Add | Delete| Clearall | 1 W
i

Coordinate Begin End Begin End u-:ase_s:
Mo. Area Mame e 5 Y v v
4 Shoulder Coordinates 0 120 1] Bevan Slahie

O Ooooo

Wigw Mesh Ok

| | | /

Figure E23-4: Edit Inputs for the Area Module

Layers Module
(see Figures E23-5 and E23-6)
Step 1: Follow steps 1 through 4 of this module in Example 8.

Step 2: On Layer 1, seleEkception, and then clickedit Exception to open the
exception properties for layer 1 panel.

Step 3: Click nsert to add an additional area, and then sedhotlder in theArea
Name box.

Step 4: Enter the material properties for AC shoulder as shown ireFEQ3-6.
Step 5: ClickOK to close the layers panel.
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Help:

File Modules Run  Options

=10l x|

Mumber of lapers: |—2_

Zoom|1DD i

Layer 1 | Layeer

Gencty_

Add Layer | D elete [ater

Input File ID:| Example2302

Namei |Layer 1

Temperature analysis: ’N—
Maw. number of iterations:| 0

Thickness:l 10.000 Batch processing; MNa
Elastic Modulus; 4.000=6 Mumber of batch Cases: 1
Foizzon Fatio: 0150 : .
- L — Status Beview Status
Coefficient of Thermal Expansion: 5.00e-E ety 0 =
Urit W eight: 0.0570 Ateas O ]
Interface with abowe Laper: D or first layer Layers | | |
Interface Kvalus (Tatski Modzl) e O =
: - Jaints O ||
Description: Tempesature
Load
| (" Default " Batch * | EdirBatot . | Edit Exceptions ... | \J.Dad m -
i nitls
| & Uriform cross section € Nonuniform cross sectioh| Edit Erozs Secticn | Ok |

Figure E23-5: Edit Inputs for the Layers Module

Number of layers: |7

Add Layer | Delete Layer |

=lol x|

Layer 1 | Layer 2 I N
Marme: ILayer 1 r

Thickness: 10.000 Input File ID:| Example2302

Elastic Modulus: m Temperature analysis: ’T

0150
5.00e-6
0.0870

Paiszon Ratio:
Coefficient of Thermal E xpansion:

Unit ‘weight:

Interface K-value [T otski Model]:

Interface with above Layer: | Dizable for first laper Vl

Description:

Max. number of iterations:| 0

Batch processing: Mo
Mumber of batch cases: 1

Status Review Status
Geametry O | |
Areas | ||

Exceptions properties for Layer 1

Number of Areas: |1—

Insert | Delete

. . Coefficient : ;
. Elastic | Poisson Urit Type of interface Interface oo
i Area narme Thickness| wioduis | Ratio | o TH2Mal | syeight with abowve Laper K-value Descipic
E #panzion
j Shoulder 10.000 3.000e5 0.350 2.00e-6 Dizable for first layer

Figure E23-6: Edit Inputs for the Layers Module (continued)
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Subgrade Module

Use this module from Example 8.

Joints Module
(see Figure E23-7)

Step 1: Clickloints to open the joints panel.
Step 2: In thedointsin x-direction section, sele®pecify joint parameters, select
AGG Interlock in theJoint type field, and then enter the aggregate factor in the
AGG factor field (assumed 1,000 psi.)
Step 3: Follow steps 3 through 5 of this module in Example 8.
Load Module

Use this module from 12-ft lane width with PCC shoulder in this problem.

Temperature Module

This module is not required for this problem.

Analysis Options Module
This module is not required for this problem.

At this stage, all the steps for inputs are completed for theofidst lateral placements. If all the
inputs are correct, the main panel should display the pavement structdireg loandition, and
meshing as shown in Figure E23-8. For the next lateral placement, apply theti¥Aas the
calculated value to be used shown in Table E23-1.

l®)15kab2000 [C:\Documents and Settingsivon =] |
File Modules FAun  Options  Help |
Geometry freas Lapers Subgrade | Joints Temperature Load Waoids  Analpsis Options
ZoomI1DD ::i' Show Meshi™  Show Load™ | Layer 1 E Show Layer Aieas[™
—  CTEESSSSSS———— [ Eranpezis
Joints in x-direction Joints in y-direction s TN
of iterations: I_U
Murnber of joints in 2-direction: 1 Mumber of joints it y-direction: 2 sing: | Mo
" Specity LTE " Specity LTE teh oases: [
o ify joi (+ ify joi
+ Specify joint parameters + Specify joint parameters Fle i Satis
~LTE LTE 0 m
Deflection LTE: | Deflection LTE: | 0 u
O m
— Joint p — Juoint p g :
Joint type: |AGG Irterock vI Joint type: [Doweled vl
AGG factor: ' 1000 AGE factor: ' 0 m
Dowel property 1D: ¥ Dowel property 1D: [Dowet 'i
Dowel location 1D: fit Dowel location ID: [{Seezli
[~ Exceptions  Edf Erceptions Edit Dowel Properties
[~ Batch Edit Biateh Edit Dowel Locations | oK
| | | | 4

Figure E23-7: Edit Inputs for the Joints Module (14-ft lane width with AC shoulder)
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File Modules Fun  Options  Help:

Geometry Amsas Lavers Subgrade Joinks Temperstwe Load Weids Analysis Options
Zomfil0 =] ShowMesnfe  ShowloadV | Layer1 [ ShowLayerbressiv

‘Status Bevien Stslus

Geomety

O
Areas O
Layers o
Subgrade (g
Temperature
Load O
Yaids

haywmmtm 1 [Area Name: “Shoulder"] | | | 4

Figure E23-8: Main Panel After the Completion of Inputs (12-ft lane width with AC shoulder)

Part 3: 14-ft lane width with untied AC shoulder

Geometry module
(see Figure E23-9)
Step 1: ClickGeometry to open the geometry panel.

Step 2: On the geometry panel, clicisert two times on the-dir ection side to add
additional slabs, and then enter the shoulder width (120 inches) and the lane
width (168 inches).

Step 3: Follow steps 3 through 5 of this module in Example 8.
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f@) 151ab2000 [C:\Documents and Settings\vongchus\My Do -0 x|
File Modules Run Option:  Help
|§eomehy Areas Layers Subgrade Joints Temperature Load Woids Analysis Options
“ ZDDmI'IDD_‘, - La = ~ ' L |y Y ' . —
e e — _
X-direction Y-direction N [ Input File ID:| Example2303
- Temperature analysis: Mo
Insert Delete| 22 | Inzert | Deletel 33 Xr-sﬁ'mmet”c Maw. number of iterations:| 0
Slab| Length |Mumber of Slab| Length |Mumber of Batch processing: Mo
Nodes Hodes
MHumber of batch cases: 1
1 1200 11 || 1 180.0 16 || r
L4 2 168.0 15 2 180.0 18 ¥ Status Review Status
DL 2 0 B [ — | 0 =
— = H Areas | |
" Coarse Lepzrs n [l
& Meadium Subgrade ] | |
Jaints | |
" Fine Temperature
Load | |
Cusztomize Whaidks
E - Clear
Marninal Element Size: 12
g Generate Mesh | 0 |
| | | 4

Figure E23-9: Edit Inputs for the Geometry Module

Area Module

Use this module from 12-ft lane width with ACC shoulder in this problem.

Layers Module

Use this module from 12-ft lane width with ACC shoulder in this problem.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from 12-ft lane width with ACC shoulder in this problem.
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Load Module
(see Figure E23-10)
Step 1: Follow steps 1 through 9 of this module in Example 8.

Step 2: Enter X-location and Y-location information to locate the whadl M-location
and Y-location for an edge loading condition can be computed as shown below:

X —location = Shoulder width + Lateral placement

=120+ Lateral placement

X-location inputs for all eleven lateral placements considered iptbidem are
also summarized in Table E23-1.

Y —location = Joint spacing +

Joint spacing _ wheel load length
2 2 '

:180+@—E)— 265in
2 2

Step 3: Enter the load for the single axle (18,000 Ibs for this example).
Step 4: ClickOK to close the load panel.

=10l ]

” File Modules FRun Options  Help n |

Geometry  Areas  Lavers Subgrade  Joints lemperaturelLoqu Woids  Analpsis Options
Zoom|1DD ﬂ Show Mezh]™  Show Load[™ | Layer 1 EShowLayerAreasr

Input File ID:|  Exampl=23031

Trmnerabre analpsis: Ma

oad ! of ferstons| 0
' Place Axles " Place Trucks sihg: ’T
Add | Delete | atch cases: 1

Load

Axle Numherl Reference Pni'nlI Axle Name I X-Localion! Y—Lo_calionl
1 Bottam Left Single Axle 108.0 265.0

)
m
=
fi]
=
]
o
=
]

=

O goood
EEEENE

[~ Batch Edit Bateh Axle Design Ok |

| I | /

Figure E23-10: Edit Inputs for the Load Module

- 145 -



Part II: Examples

Temperature Module

This module is not required for this problem.

Analysis Options Module
This module is not required for this problem.

At this stage, all the steps for inputs are completed for theofidst lateral placements. If all the
inputs are correct, the main panel should display the pavement structdireg loandition, and
meshing as shown in Figure E23-11. For the next lateral placement, applydbatigd as the
calculated value to be used shown in Table E23-1.

m 15lab2000 [C:\Documents and Settingsvongchus\My Documents\MDOTQR4\Taskd\temp04 Taskd \Bxamples\E — IEllil

“ File Modules Run Options  Help |

‘ Geometry  fAreas Layers Subgrade Joints Temperature Load Yoids  Analysis Options

‘ Foom |1 on ::II Show Mesh[w  Show Load v | Layer 1 E Show Layer Areas o

Input File 1D:|  Exampl=23031
Temperature analysis: Mo
Max. number of iterations:| 0
Batch processing: Mo
Mumber of batch cazes 1
=
Status Eeview Status

Geometry | | |
Areas O | |
Layers O | |
Subgrade | | |
Jaints O | |
Temperature
Load O ]
Woids

Layer Mumber: 1 [Area Name: "Shoulder™] | | | 4

Figure E23-11: Main Panel After the Completion of Inputs (14-ft lane width with AC shoulder)

Analysis Results

Table E23-2 summarizes maximum for all lateral placements and kupgort conditions. The
relationship between maximum stress and lateral placement foragaict support condition is
illustrated in Figures E23-12 and E23-13 for transverse and longitudinal attbe bottom of
the PCC slab respectively.

NOTE
Positive and negative values of stress signify tensile and comgregsssses and positive
value of deflection indicates deflection in downward direction.
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Lateral placement

Lateral support condition

(in.) 12-ft lane width with PCC shoulder 12-ft lanedtlh with AC shoulder 14-ft lane width with AC shdelr
Transverse stress at bottom of PCC
-12 70.6 65.9 65.2
-6 71.4 68.3 68.6
0 73.9 61.8 62.0
6 75.3 64.8 66.9
12 74.6 67.9 72.4
18 73.4 67.7 74.9
30 77.5 67.8 76.8
48 65.2 61.4 76.3
Longitudinal stress at bottom of PCC
-12 122.0 155.4 154.6
-6 119.6 131.1 130.2
0 1155 206.7 205.6
6 115.0 165.7 164.7
12 115.5 143.5 142.3
18 119.7 135.3 133.8
30 127.2 130.1 123.1
48 165.8 167.2 123.6
Table E23-2: Analysis Results
220
] ]
200 1 . .
180 - ! !
' Wheel path for 1 Wheel path for
% 160 | \ ! \
3 12-ft wide lane ! 14-ft wide lane
§ 140 - ' '
bt | ] ]
% 120 . .
£ 1001 ' .
E '
é 1=~ = o . - ‘
> 60- T — A
40 '
]
20 1 Shoulder ' '
O T T 1 T 1 T
-20 -10 0 10 20 40 50

- -#- =12-ft lane width with PCC shoulder—8—— 12-ft lane width with AC shoulde+—#—— 14-ft lane width with AC shoulder

Lateral placement, in.

Figure E23-12: Relationship between transverse stress at the bottom of the
PCC slab and lateral placement for each lateral support condition
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Maximum stress, psi

220
200 |

e

o ®

o O
| |

[EY

»

o
|

Wheel path for
12-ft wide lane

O O O O o o o
I I I I L L

éhoulder

—aA

' Wheel path for
' 14-ft wide lane

-10 0 10 20

Lateral placement, in.

)
o

== =12-ft lane width with PCC shoulde—a—— 12-ft lane width with AC shoulde—#—— 14-ft lane width with AC shoulder

30

40

Figure E23-13: Relationship between longitudinal stress at the bottom of the
PCC slab and lateral placement for each lateral support condition
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Example 24:
Single Axle with Various Joint Spacing

Problem Statement

Repeat Example 8 but consider joint spacing of 315 and 492 in. Then, compare thevigsult
the results from Example 8.

Given
315, 492 in.

Joint spacing

Problem Illustration

Tie bars $0.5in @ 36 in cfc
Dowelbars $1.25in @ 12in cfc

i = 144 in
(= I e =t Oin Epee, Xpee, HPpee
T T P
; Rk
| [N N TN T T S T TN TN TN TN T N N TN TN SO TN TN N | Yo, bases ]’afse’ub
(N R F S R — | I B S B m— | N ) S B E— %
12040
55 S 1< —— > Joint spacing =315, 492 in
Joint spacing Toint spacing Joint spacing

Figure E24-1: Problem lllustration
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Solution
Part 1: 315-in. joint spacing

Geometry Module
(see Figure E24-2)
Step 1: Follow steps 1 and 2 of this module in Example 8.

Step 2: Click nsert three times on thg-direction side to add additional slabs, and then
type the joint spacing (315 inches for this example).

Step 3: Follow steps 4 and 5 of this module in Example 8.

Layers Module

Use this module from Example 8.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module
(see Figure E24-3)
Step 1: Follow steps 1 through 9 of this module in Example 8.

Step2: Enter X-location and Y-location to locate the wheel loathcXtion and Y-
location for edge loading condition can be computed as shown below:
X —location = Shoulder width + Distance dual wheel center to shoulder
— Distance dual wheel center to reference point

=120+ 20—[5 +12j =1315in
2 2

Joirt spacing _ wheel load length

Y —location = Joint spacing + 5 >

:315+3—15—E) =4675in
2 2

Step 3: Follow steps 11 and 12 of this module of Example 8.
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15lab2000 [C:\Documents and Settings\vongchus\My Documents - |EI|1|
File Modules Run Options  Help |
|§eometry Areaz Layers Subgrade Joints Temperature Load “oids Analysiz Options
ZoomI‘IDD ﬁ Show Meshl™  ShowLoadl™ | Laver1 P Show Laver freasl™
) ; ) ) e ID:| Ezample2401
X-direction Y-direction e ansisic | No
Insert | Delete | 2:2 | Insert | Delete | 33 | I -[Symmetric| fmber of iterations:| 0
X o
Number of Number of rocessing: Ha
Slab| Length Nodes Slab| Length Modes of batch cases: 1
1 1200 11 4] 1 3150 28|« -
M =z 144.0 13 2 3150 28 v Review Status
) CEEEEN > v O m
Mesh
© Coarse | ||
He O | |
& Medium O u
" Fine [
O m
Custormize |
- - Clear
Mominal Element Size: 12
g Generate | Mesh | (1] 3 |
| | | /
Figure E24-2: Edit Inputs for the Geometry Module
._r.ﬂ]slabm [C:\Documents and Settings\vongchus\My Documents - |EI|5|
File Modules Run Options  Help
Geometry Areas Lawers Subgrade Joints Temperature | Load Woids  Analysis Dptions
Zoom 100 ﬁ Show Mesh[~  Show Load[™ | Layer 1 E Show Layer freas]™
Input File ID:| Example2401
| | | Temnerahe analysis: Mo
of terstons:| 0
i+ Place Axles " Place Trucks sing: ’T
add | Delate | atch caszes: 1
Axle NumImlI Reference PoinlI Axle Name I X-Location | Y-Location Load Beview Status
l 1 Bottom Left Single Axle 1315 4E7.5 O u
O m
0 m
0O m
O m
[~ Batch Edit Batch £xle Design Ok |
| | | /4

Figure E24-3: Edit Inputs for the Load Module
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Temperature Module

This module is not required for this problem.

Analysis Options Module
This module is not required for this problem.

The main panel should display the pavement structure, loadingtioon@nd meshing as shown
in Figure E24-4.

[]15lab2000 [C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4 | temp0a\Taska\| Example=\Sesm _|of ={

I File Modules Fun  Options  Help |

Geometry  Areas Layers E_ubgr@de Joints  Temperature Load Yoids  Analysis Options
Zooml‘IDD ﬂ Show Meshfv  Show Load™ | Layer 1 EShowLa}lsrAleasr

Input File ID:|  Example2401
Temperaturs ahalysis: ’T
Max. number of iterations:| 0

Batch processing: Mo
Mumber of batch cases: | 1

Status Fieview Status
Geometry [l |
Areas
Layers D ||
Subgrade: 0O m
Joints O m
Temperature
Load O | ]
Woids

| | | 4
Figure E24-4: Main Panel After the Completion of Inputs (315-in. joint spacing)
Part 2: 492-in. joint spacing
Geometry Module
(see Figure E24-5)
Step 1: Follow steps 1 and 2 of this module in Example 8.
Step 2: ClickInsert three times on th¥-direction side to add three additional slabs,

and then enter the joint spacing (492 inches for this example).

Step 3: Follow steps 4 and 5 of this module in Example 8.
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[&)151ab2000 [C:\Documents and Settings\vonga o)
File Modules Run  Options  Help |
|§eometr}| Areas Layerz Subgrade Joints Temperature Load Woids Analysiz Options
Zoom[100 =3 Showhesh™ Showload™ [ Laver1 2 Show Laver fieas ™
Geometry —
pID:| Example2402
X-direction Y-direction Y I
Inzert Delata| 22 Inzert De\ele| 3 Xl_-igymmelnc_l mber of ierations: | 0
Slah| Length Mumber of Slab| Length |Mumber of el ’“1_D
1 1200 11| 1 432.0 42]a] ul
Y oz 1440 13 2 ad 2 v Fieview Staiys
» £ Wy O m
= Mesh
" Coarse O ||
i« Medium i E :
g Fine jahure
O m
Customize ‘
- hd Clear |
Naminal Element Size: 12
g Generate Mesh ‘ oK N
\ | | 4
Figure E24-5: Edit Inputs for the Geometry Module
Layers Module
Use this module from Example 8.
Subgrade Module
Use this module from Example 8.
Joints Module
Use this module from Example 8.
Load Module
(see Figure E24-6)
Step 1: Follow steps 1 through 9 of this module in Example 8.
Step2: Type X-location and Y-location to locate the wheel load. X-tmtatid

Y-location for edge loading condition can be computed as shown below:

X —location = Shoulder width + Distance dual wheel center to shoulder
— Distance dual wheel center to reference point

=120+ 20—[5 +12j =1315in
2 2

Joirt spacing _ wheel load length
2 2 '

Y —location = Joint spacing +

=315+ 3219 4475in
2 2

Step 3: Follow steps 11 and 12 of this module in Example 8.
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ocuments\ =10l
File Modules Run Options  Help |
Geometry  Areas Lapers Subgrade Jointz  Termperature | Load Moids  Analysiz Options
|| Foom |'I 1] _I::‘ Show Mesh[— Showe Load[— Layer 1 Shicw Laper Areas]T
_— ]
Input File 1D:|  Example2402
| ‘ = ‘ Tkmnelah e aﬂgl}ls'is:- Mo
Load = of iterations;| 0
' Place Axles " Place Trucks sing: Mo
Wil | Do atch cases: 1

Load

Axle Numberl Reference PDintI Axle Name | X-Location Y-Lucatiunl
1 Battarn Left Single dxle 1313 7330

Review Status

=

O oogd O
|

[ Batch EditBatch Azle Design Ok |

| | | /

Figure E24-6: Edit Inputs for the Load Module

Temperature Module

This module is not required for this problem.

Analysis Options Module

This module is not required for this problem.

The main panel should display the pavement structure, loading condition, dndgreesshown
in Figure E24-7.
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=10l x|

File Modules Run  Dptions  Help |

Geometry  Arsas Lavers Subgrade Joint: Tempersture Load Woids Analysiz Options

|| Zooml‘IDD _l; Show Meshlv  Show Load[v Layer 1 Chicw Laper Areas]T

T T e e T - Input File |DZ’W
55 4 WA A WA WA B AWV RA AN RN AR RN NARAR AR RimwamaRERud na Temperature analysis: Mo
= " e e T e e = " Maw. nuriber of-ih_arati'o'ns: 0
[ o R P R P R S P R R ; BEREERRERERER AR Batch processing: Mo
EEARERAEE H ; EREEREREN MNumber of batch cases: 1
ERiRieaRas SRR HH R R R e R R R R T
Status Review Status
G earmetry O [ ]
Argag
Layers [ |
Subgrade | |
Jaints O |
T emperature
Load | |
Vaids

| | | p

Figure E24-7: Main Panel After the Completion of Inputs (492-in. joint spacing)

Analysis Results

, o Stress at the bottom of the PCC, psi
Joint spacing, in.

Transverse Longitudinal
180 72.1 114.5
315 72.1 107.2
492 72.1 106.7

Table E24-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgres®sses and positive
value of deflection indicates deflection in downward direction.

Stress and deflection contours from ISLAB2000 are also available in &i§2¥8 through E24-
13. Figure E24-14 illustrates relationship between maximum stressesrarspacing.
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H

® B oo

Qpen Copy  Exit

5= ISLAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Taska\temp04\Task4\Examples\Example2401.0u2

G &6 6 & = & m

X Stiesses - :
Fotate Xool Yoot Zool Scale Zoom | Reset | About

Layer 1~ Bottom =

X
Stresses in X-dil LY on

Figure E24-8: Transverse Stress at the Bottom of the PCC Slab (315-ft joint spacing)

5- ISLAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4\temp04\Task4\Examples\Example2401.0u2

H

@ B oo

Open Copy Ext

G G 6 & - §

'Y Stresses ] 5 9
Rotate Yot Verot Ziot Scale Zoom

Layer1 = Bottom =

m | B
Reset | About

721
67.2
aehe]
2R
462
378
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Figure E24-9: Longitudinal Stress at the Bottom of the PCC Slab (315-ft joint spacing)
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54 1SLAB2000 - G:\Documents and Settings\vongchus\Hy Documents\MDOTQR4\Task4\temp04\Task4\Examples\Example2401.0u2
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Figure E24-10: Deflection of the PCC Slab (315-ft joint spacing)
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Figure E24-11: Transverse Stress at the Bottom of the PCC Slab (492-ft joint spacing)
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Figure E24-12: Longitudinal Stress at the Bottom of the PCC Slab (492-ft joint spacing)
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Joint spacing, in.
—e— Transverse stress at bottom of P&@— Longitudinal stress at bottom of PCC

Figure E24-14: Relationship Between Maximum Stresses and Joint Spacing
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Example 25:
Repeat Example 24 with a Thermal Gradient

Problem Statement

Repeat Example 24 but also apply temperature differeafialpf +20°F.
Given

Joint spacing = 315, 492 in.
+20 °F.

Temperature differentialyT

Problem Illustration

Tie bars 0.5 @ 36 in. cfe
Dowelbars $1251n @ 1210 ol

_/ T ! T
4 + 144 in, top
e 18 kips b 10mn E pee, Fpee, Hpee
:: :: hottorm
I T 16in

1 N O N I | N Y SN NN (S | TR IR NS N TN N |

1 1 T T T T T 1 1 T T T T T T T T T 1 1 T

1201,
le le L | AT=Typ- Tyoom=+20 °F
Joint spacing o Joint spacing T Joint spacing | Jetnt spacing =513, 432 .

Figure E25-1: Problem lllustration
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Solution
PART 1: 315-in. joint spacing

Geometry Module

Use this module from 315-ft joint spacing in Example 24.

Layers Module

Use this module from Example 8.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module

Use this module from 315-ft joint spacing in Example 24.

Temperature Module

This module is not required for this problem.

Analysis Options Module
This module is not required for this problem.

The main panel should display the pavement structure, loading condition, dndgreesshown
in Example 24, Figure E24-4.

PART 2: 492-in. joint spacing

Geometry Module

Use this module from 492-ft joint spacing in Example 24.

Layers Module

Use this module from Example 8.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.
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Load Module

Use this module from 492-ft joint spacing in Example 24.

Temperature Module

This module is not required for this problem.

Analysis Options Module

This module is not required for this problem.
The main panel should display the pavement structure, loading condition, dridgrasshown
in Example 24, Figure E24-7.

Analysis Results

. o Stress at the bottom of the PCC, psi
Joint spacing, in.

Transverse Longitudinal
180 139.7 224.5
315 145.0 325.8
492 140.2 326.2

Table E25-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgregssgses and positive
value of deflection indicates deflection in downward direction.

Stress and deflection contours from ISLAB2000 are also available in §Figage2 through
E25-7. Figure E25-8 illustrates relationship between maximum stressgsrdrsgpacing.
=%+ ISLAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4 \temp04\Task4\Examples\Example2501.0u2 ;IE‘E‘

= o 6 6 6 & — & | m| B
j = |
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X
Stresses in X-dii LY on

1460
. 1873

1267
1141
1025
909
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67.7
b6 1
446
350
214
98

-1.8
6.7

Figure E25-2: Transverse Stress at the Bottom of the PCC Slab (315-ft joint spacing)
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557 1SLAB2000 - C:\Documents and Settings\vongchus\Hy Documents\MDOTQR4\Taska\temp04\Task4\Bxamples\Example2501.0u2 8 i 53
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X
Stresses in Y-dil LY on

Figure E25-3: Longitudinal Stress at the Bottom of the PCC Slab (315-ft joint spacing)
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Figure E25-4: Deflection of the PCC Slab (315-ft joint spacing)
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Figure E25-5: Transverse Stress at the Bottom of the PCC Slab (492-ft joint spacing)
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Figure E25-7: Deflection of the PCC Slab (492-ft joint spacing)
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Maximum stress, psi

350

300

250

200
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100
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100

150 200 250 300 350 400

Joint spacing, in.

—e— Transverse stress at bottom of PG@— Longitudinal stress at bottom of PCC

Figure E25-8: Relationship Between Maximum Stresses and Joint Spacing
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Example 26:
Full-depth PCC Patch, 4 Feet Wide

Problem Statement

Analyze the pavement system in Example 8, but also consider a 4-ft widedillIeC patch in
the middle of the lane.

Given

Patch elastic modulus = 3x%0 psi
Patch Poisson’s ratio = 0.15

Patch coefficient of thermal exp = 7 X0 in./in.fF

Problem Illustration

Tie bars $0.5in @ 36 ofc

Dowelbars $1.25in @ 12 ofe
Full-depth patch (PCC) @
A

/ 1 n 10in | | Egee, Cpee, Hpor
| TN N T N TN AN S M T v v Ty oy
— T T T T 1 T T T T T 1T 1 1
414t
E patch = 32100 psi
R ® patch = 7107 in fin ¢ °F
- Hpaich=0.15
|t |t | |
1801, 1801, 1801, -

Figure E26-1: Problem lllustration
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Solution

Geometry Module
(see Figure E26-2)
Step 1: ClickGeometry to open the geometry panel.

Step 2: On the geometry panel, clicisert two times on th&-direction side to insert
two additional slabs, and then enter the shoulder width (120 inches) daddhe
width (144 inches) in theength field for each slab.

Step 3: ClicK nsert five times on theY -dir ection side to insert five additional slabs, and
then enter th&80, 66, 48, 66, and180 in theL ength field for each slab.

Step 4: On the right side of the geometry panel, sbledium to set the mesh size.

Step 5: ClickGenerate to generate the inputs to the input file, and then €ikkto
close the geometry panel.

f@)151ab2000 [C:\Documents and Settings\vongc o [m] S|

File Modules Fun Options Help ‘

|§eometry Areaz Layers Subgrade Joint: Temperature Load Woids Analysiz Options

ZDDmI'IEID ::Il ShowMeshl™  ShowLoadl™ | Laver1 P Show Laver eas

1
Geomet
_ ) ) ) LID: Example26
X=direction Y-direction ._
lature analyzis: Mo
Inzert | Deletel 22 Inzert Delete| 55 I~ -[Symmetric| fber of iterations: 0
hid -
Number of Humber of [OCESHNG: Mo
Slab| Length Modes Slab| Length Modes of batch cases 1
1 120.0 11 |« 1 180.0 16 |« ] -
M :Z 1440 13 2 BE.0 7 v Heview Status
3 48.0 5 m ] | |
4 BE.D 7 Mesh
) MR v || oo O =
He [ | |
% Medium 0 m
- e ature
0 m
Customize |
E - Clear
Mominal Element Size: 12
g Generate | tezh | ar. |

| | | y

Figure E26-2: Edit Inputs for the Geometry Module
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Area Module
(see Figure E26-3)

Step 1: ClickAreato open the area definition panel, and then ehdkl and entePatch
in the Area Name field.

Step 2: SeledCoordinates in theCoor dinate Type field.
Step 3: Enter the coordinate for the shoulder area as identified irotilerprillustration.

Step 4: ClickOK to close the area definition panel.

=101 x|

“ File Modules Run Options  Help |

|§eometry fyeas Lavers Subgrade Joint: Temperature Load Moids  Analesiz Options
JZoomI'IUU j ShowMeshl  Show Load[™ | Layer 1 E Show Layer Areas]
= o0 B
rature analysis: Mo
urnber of iterations:| 0

Add | Delete | Clearall |

No. Area Name [:U'.:'I.T;gale Bexgin EQd BE"?in processing: Mo
P 1 |Patch Coordinates 120 264 246 e of batch cases: 1

Review Status

=i

ads

Erature

O googod

Yiew Mesh Ok

| | | 7

Figure E26-3: Edit Inputs for the Area Module

Layers Module
(see Figure E26-4)
Step 1: Follow steps 1 through 4 of this module in Example 8.

Step 2: On Layer 1, seleEkception, and then clickedit Exception to open the
exception properties panel for layer 1.

Step 3: ClicKd nsert, and then sele®atch in theArea Name field.
Step 4: Enter the material properties for patch material as shoviguire F£26-4.

Step 5: ClickOK to close the layers panel.
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=101

Mumber of lapers: E Add Laper | Delete Layer | |
Layer 1 I Layer 2 I i3
Narne: ILa_l,ler 1 I
Thickness: 10.000 Input File ID:| Example26
Elastic Modulus:|  4.000e6 Temperature analysis: IT
Poicson Ratic] 0150 Mas, number of iterations:| 0
Coefficient of Thermal Expansiar: [ 500ed Batch processing: [[He

— MNumber of batch cases: 1
Unit ‘##gight: 0.0270

Interface with above Layer | Disable for first laver 'I Status Beview Status

Interface K-value (T otski Model): Geometry O
Drescription: Areas O
e Layers O

Exceptions properties for Layer 1
Mumber of Areas: |1— Inzett | Delete

N EEEEN

1k

: . Coeffizient : f
In . Elastic | Poisson Uit Type of interface Interface - =
Area name Thickness | o dyjs Ratin of Thermal Wwieight with abave Layer K-walue Description
Exparizion
ﬂ Patch 10.0000  2.000=6 0.150 7.00e-E Dizable for first layer

Figure E26-4: Edit Inputs for the Layer Module

Subgrade Module

Use this module from Example 8.

Joints Module
Use this module from Example 8.

Load Module

Use this module from Example 8.

Temperature Module
Temperature module is not required for this problem.

Analysis Options Module
This module is not required for this problem.

The main panel should display the pavement structure, loading condition, dndgreesshown
in Figure E26-5.

- 168 -



Part II: Examples

Lyers Sibade Jonts Tem
 Show Mesh.

peiatue Load

Input File ID:| Example2s
Temperatirs Ho.
s 0

o ooooof £

Figure E26-5: Main Panel After the Completion of Inputs

Analysis Results
Maximum transverse stress at the bottom of the PCC slab = 87.6 psigiseeE26-6)
Maximum longitudinal stress at the bottom of the PCC slab = 91.5 psi (see ERftH7)

NOTE

Positive and negative values of stress signify tensile and comgregs®sgses and positive
value of deflection indicates deflection in downward direction.

Stress and deflection contours from ISLAB2000 are also available in §Fi§ate6 through
E26-8.

52 151482000 - C:\Documents and Settings\vongchus\My Documents\MDOTQRA\ Tasks\temp04\Tasks\Examples\Example26.ou2 =loi ]
. & & 6 & = Q| uBE

| Rotste snt oot Zrol Seate Zoom | Resst | About

X
Stresses in X-dil LY on

Figure E26-6: Transverse Stress at the Bottom of the PCC Slab
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5= ISLAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4 \temp04\Task4\Examples)\| nple26.0u2 % ] ﬁp
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Figure E26-7: Longitudinal Stress at the Bottom of the PCC Slab

L£2 ISLAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQRA\Taska\temp0a\Taska\Examples\Example26.0u2 i [ 3
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Figure E26-8: Deflection of the PCC Slab
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Example 27:
Full Depth PCC Patch. 6 Feet Wide

Problem Statement

Analyze a pavement system with a full-depth PCC patch similar to Example 2®&nsider 315-
in. joint spacing and a 6-ft wide full-depth PCC patch in the middle of the lane

Given

Patch elastic modulus = 3x%0 psi
Patch Poisson’s ratio = 0.15

Patch coefficient of thermal exp = 7 x%0 in./in.fF

Problem Illustration

Full-depth patch (PCC)

18 kips

144 1in,

;1

1201

315in 315in 315in

Figure E27-1: Problem lllustration
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Solution

Geometry Module
(see Figure E27-2)

Step 1:

Step 2:

Step 3:

Step 4:
Step 5:

ClickGeometry to open the geometry panel.

On the geometry panel, clicisert two times on th&-dir ection side to add
two additional slabs, and then enter the shoulder width (120 inches) daddhe
width (144 inches) in the length field for each slab.

Click nsert five times on theY -direction side to add five additional slabs, and
then enteB15, 121.5, 72, 121.5, 315 in theL ength field for each slab.

On right hand side of the geometry panel, séextium to set the mesh size.

ClickGenerate to generate the inputs to the input file, and then €ikkto
close the geometry panel.

z \ = IDIE‘
” File Modules Run Options  Help |
Geometry, Aress Layers Subgrade Joints  Temperature Load Moids  Analpsis Options
ZoomI'IDD ﬁ Shiow Mesh[™ Show Load][ | Layer 1 E Show Layer freaz]

= o

i

o

X-direction Y-direction 0

Inseit Delete| o) |higert | Deletel 55 |_—|S_l,lmrnelrici E

it i
Mumber of Mumber of
Slab| Length Nodes Slab; Length Nodes ’7

1 120.0 11 || 1 315.0 28 |« w2

4 i 144.0 13 2 1215 2 ¥ | |

3 720 7 u

7] 1215 12 Mesh u

) CEEEE 5 || Cce |

| |

& Medium
" Fine .
Custamize
z = Clear

g Gerietate | Mesh |

Norrinal Eleren

t Size: 12

Figure E27-2: Edit Inputs for the Geometry Module
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Area Module

(see Figure E27-3)

Step 1:

Step 2:
Step 3:
Step 4:

ClickArea to open the area definition panel, and then ohdk and entePatch
in theArea Name field.

Seledtoordinates in theCoor dinate type field.

Enter the coordinate for the shoulder area as identified irotilerprillustration.

ClickOK to close the area definition panel.

@) 15lab2000 [C:\Documents and Settings\vongchus\My Doc

File Modulez Run  Optionz

Help

=10l x|

geometry|g[eag Lapers Subgrade Joint:  Temperature Load YWoid:  Analpsiz Options

“Zoom|1DD =1 Show Meshl™

Show Load [~ Layer 1 E Show Layer Areas[—

Area Definition

Add | Delete | Cleardl |

11

End
Y

Coordinate Begin End Begin
No. Area Name Type « w v
I 1 |Patch Coordinates 120 264 436.5
Wiew Mesh

Ok

b

1 || Input File 10:|  Exampleact??

lyzis:
erations:

Cazes:

Review Status

O Oogoo

Mo
0

Mo

7

Figure E27-3: Edit Inputs for the Area Module
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Layers Module
(see Figure E27-4)
Step 1: Follow steps 1 through 4 of this module in Example 8.

Step 2: On Layer 1, seleekception and clickEdit Exception to open the exception
properties panel for layer 1.

Step 3: Click nsert, and then sele®atch in the Are name field.
Step 4: Enter the material properties for patch material as shovguire E27-4.

Step 5: ClickOK to close the layers panel.

=T
Humber of layers: E Add Layer | [elete Laver | |
Laper 1 I Layer 2 | hz
Name: ILa_l,lel 1 I
Thickness:l 10.000 Input File 1D: Example26
Elastic Modulus:l 40006 Temperature analysis: Mo
Paizzan Hatio'l 0150 Manw. number of iterationz:| 0
Coefficient of Thermal Expansion:l 5.00e-6 Batch processing: Mo
MNumber of batch cases: |1—
Urit Weight:l 0.0870
Interface with above La_l,ler:l Digable for first layer 'I Status Beview Status
Interface K-value (T otzki Model]:l Geometry O
Descri tion'l Aleas g
il Lavers O

Exceptions properties for Layer 1
Mumber of Areas: |1_ Inzet | Delste

N EENEEN

1k

" . Coefficient ; f
- . Elastic | Poisson Unit Type of interface Interface .
Area name Thiskness | Wodulus Ratio of Thermal Weight with abiove Layer K-value Description
Expanzion
ﬂ Patch 10,0000 3.000e6 0.150 7.00e-6 Dizable for first layer

Figure E27-4: Edit Inputs for the Layer Module

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 8.
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Temperature Module

Temperature module is not required for this problem.

Analysis Options Module
This module is not required for this problem.

The main panel should display the pavement structure, loadingtioon@nd meshing as shown
in Figure E27-5.

=10l ]

File Modules Fun Options  Help: |

_ﬁeométr}l Areaz La}_ler's‘ gubgr_ade. Joints Temperabure Load Woids  Analysiz Options
ZoomI'IUU ::I' Show Meshlv Show Loadv | Layer 1 ESthLayerAleas‘lV

Input File 1D: Exampleact2_F’_

Temperature analysis: H
Max. number of iterations:| 0

= H |

=

Batch processing: i [i]
Murnber of batch cases: 1

T

Status Review Status

Geometny:
Areas

Laperz
Subgrade
Jaints
Temperatiie
Load

Woids

0O Ooood

| | | 4

Figure E27-5: Main Panel After the Completion of Inputs

Analysis Results

Maximum transverse stress at the bottom of the PCC slab = 83.7 psigisexE27-6)

Maximum longitudinal stress at the bottom of the PCC slab = 114.3 psi (see ERJ+7)
NOTE

Positive and negative values of stress signify tensile and comgregsgsses and positive
value of deflection indicates deflection in downward direction.
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Stress and deflection contours from ISLAB2000 are also available ireBiga7-6 through
E27-8.

5= 15LAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Taska\temp04\Taska\Examples\Exampleact27.o0u2
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Figure E27-6: Transverse Stress at the Bottom of the PCC Slab

51 ISLAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4\temp04\Task4\Examples\Exampleact27.ou2
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Figure E27-7: Longitudinal Stress at the Bottom of the PCC Slab
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554 ISLAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQR\Task4\temp04\Task4\Examples\Exampleact27.0u2.

E B & | G & G & - - B
ayerl = Battom = | Deflection B
Open Copy  Exit Rotate X-rot Y-rot. Z-rot. Scale Zoom | Reset | About

Deflections

Figure E27-8: Deflection of the PCC Slab
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Example 28:
Full-depth AC Patch

Problem Statement

Analyze the pavement system in Example 8, but also consider a 4-ft widedihlA@ patch at
the middle of the lane.

Given

Patch elastic modulus = 3x°10 psi
Patch Poisson’s ratio = 0.35

Patch coefficient of thermal exp = 2 x40 in./in.fF

Problem Illustration

Tie bars $0.5in @ 36 ofc
Dowelbars $1.25in @ 12 ofe

Full-depth patch (AC) @

10 E pec, Epee, Hpee

| N Y O O I |
rTrrrrrrrriri

EpatBIIZBXIUS psi
R Cpatch = 2510 Sin fin 1OF
Hpaich=0.35

180m 180 m, 180m

Figure E28-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 26.

Area Module

Use this module from Example 26.

Layers Module
(see Figure E28-2)

Step 1: Follow steps 1 through 4 of this module in Example 8.

Step 2: On Layer 1, sele@xception, and then clickEdit Exception to open the

exception properties panel for layer 1.

Step 3: Clicknsert, and then sele&atch in the aredName field.

Step 4: Enter the material properties for patch material as shovguire EE28-2.

Step 5: ClickOK to close the layers panel.

=
Mumber of layers: E Add Laper | Delete Layer | |
Layer 1 | Layer 2 I lit3
Name: ILa_l,ler 1 r
Thickness: 10.000 Input File ID:| Example2?
Elastic Modulus:|  4.0006 Temperature analysis: IT
Poisson Ratic] 0150 Max. number of iterations:| 0

Coefficient of Tharmal Expansion:l 5.00e-6
Unit Weight:l 0.0870

Batch processing: Mo
Mumnber of batch cases: 1

Interface with above La_l,lel:IDisabIe for first layer 'l Status Eeview Status
Interface K-value (T otski bModel): Geometry O |
Description: | R [ u
e Lavers O |
Exceptions properties for Layer 1
[ Number of Areas: |1— Ingert | Delete
: . Coefficient : :
T . Elastic Paiszon Unit Type of interface Interface .
Area name Thickness Maoduluzs Ratia Ef Then_'nal wieight with abowve Layer K-walue Deseription
¥panzion
g Patch 10,0000 2.000eh 0.350 2.00e-6 Dizable for first layer

Figure E28-2: Edit Inputs for the Layer Module
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ent<\MDOTQRA | Ta<k (ol x|

File Modules Bun  Optiohs  Help |

| Geometry Areaz Lapers Subgrade | Joints Temperature Load Vaoids Analpsis Ophions
|ZoomI1DD j Show Meshlv Show Loadlv | Layer 1 E Show Layer Areaslv
T T T m 1D: ExampleZ?
IREEEEERNE o c-rtions for Case 1 | Bture analpsiz. | Mo
#-Direstion T-Direction | ber of iterationg: 0
1110 [ | ] Murnber of joints in y-direction: 4 Insett | Delete ncessing: | Mo
- = JJ of batch cazes; =
W [ S B e (ST - Def. Specify Joint Parameters
| | | No.| Laver' | Jaint. ise), v Dowel Dowel
! ! ! HoZ HogLuE b4 Joint Type Factor | Property 1D | Location ID Beview Status
T T L T AlLayers daoint2 | O AGG Interlock 1000 = i u n
| 2 alLayers Jaint 3 D AGG Interlock 1000 O u
5 O m
3 [0 =
0 m
il
0 m
o] T =
i
E dit Dowel Properties E dit Dowel Locations | 0k, |
| e 4|
Layer Number: 1 [Area Name: Patch™] | | | iz

Figure E28-3: Edit Inputs for the Joints Module

Subgrade Module

Use this module from Example 8.

Joints Module
(see Figure E28-3)

Step 1: Follow steps 1 through 5 of this module in Example 8, but do not cl@K do
close the joints panel.

Step 2:  SelectExceptions and click Edit Exception to open the exceptiongddar case 1.

Step 3: ClicK nsert two times to add two additional joints. For No. 1, seleait 2,
AGG Interlock, and then entet000 for the AGG Factor. Do the same for No. 2
for Joint 3.

Load Module

Use this module from Example 8.

Temperature Module
Temperature module is not required for this problem.

Analysis Options Module

This module is not required for this problem.
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The main panel should display the pavement structure, loadingioondind meshing as shown
in Example 26, Figure E26-5.

Analysis Results

Maximum transverse stress at the bottom of the PCC slab = 64.5 psigisexE28-4)
Maximum longitudinal stress at the bottom of the PCC slab = 64.8 psi (see ERfH5)

NOTE
Positive and negative values of stress signify tensile and comgressigses and positive
value of deflection indicates deflection in downward direction.

Stress and deflection contours from ISLAB2000 are also available in &iB@B4 through
E28-5.
“%- ISLAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4 \temp04\Task4\Examples\Exam

SRR N
| Roist= Aol Vool Ziol Scale Zoom | Reset | About

ple27.0u2

X
Stresses in X-dil LY on

645
556
467
409
321
252
144

56
53

2.1

210

298

356

-475

50.4

Figure E28-4: Transverse Stress at the Bottom of the PCC Slab
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557 15LAB2000 - C:\Documents and Settings\vongchus\Hy Documents\MDOTQRA\Taska\temp04\Task4\Examples\Example27.0u2 0 i 3
= =} G G & - =
Layer1 = BoMtom = | ¥ Stiesses - = -
Open Copy Exit Rolatz Aol Yool Zool Scale Zoom | Reset | About

X
Stresses in Y-di LY lon

Figure E28-5: Longitudinal Stress at the Bottom of the PCC Slab

648
61.1
668
500
445
389
334
- 218

223
167
1.2

5- ISLAB2000 - C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Taskd\temp04\Task4\Examples\Example27.0u2 i ] 3

H = e e aove B oererten JGE 6 6 &6 = & m B
Open Copy  Ext Rotate X-rot. Y-rot. Z-rot Scale Zoom | Reset | About
Deflections

002469
. 002309
0.02084
0.01860
001635
0.01410
001186
. 0.00861
0.00736
0.00512
0.00287
0.00062
-0.00162
-0.00387
-0.00462

Figure E28-6: Deflection of the PCC Slab
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Example 29:
Void at Slab Corner

Problem Statement

Determine maximum tresses at the top of the PCC slab for the pav&yatem in Example 8,
but also consider void potential at the slab corner as illustrated in FE889r&. Then, compare
the results with the results from no void potential case, as in Example 10.

Given

Void potential area = 2x2 2ft

Problem Illustration

Tie bars $0.5in @ 36 in cfc
Dowelbars $1.25in @ 12in cfc

®

Oin E pee, alu:c, HPpee

144 in
1

161n,

12010

180m. 1800, 180 m,

Figure E29-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Area Module
(see Figure E29-2)

Step 1: ClickAreato open the area module, click Add to open the area definition
panel, and then ent¥foid in the Area Name field.

Step 2: Seledtoordinates in theCoor dinate type field.
Step 3: Enter the coordinate for the shoulder area as identified irotilerprillustration.

Step 4: ClickOK to close the area definition panel.

File- Modules Bun  DOptions  Help |

|§eomatry Areas Lapers Subgrade Joint: Temperature Load Moids Analysis Options
|Zoom|‘|DD j Shove Mesh[— Show Load] ™ | Laper 1 E Shio Laver Areasl
T T | || Input File 1D: ExampleZ8
i af ite_ralioh_s:i a
idd | Delete | Clearall | g e BT
No. AreaName Coordinate Begin End Begin End atch cases: 1
Type x x Y Y
= 1 Void Coordinates 120 144 180 Beview Status
O m
O m
0O =
O m
O m
YWiews Mesh 0K

| | | Y

Figure E29-2: Edit Inputs for the Area Module
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Layers Module

Use this module from Example 8.

Subgrade Module
(see Figure E29-3)
Step 1: Click_ayersto open the layers panel.
Step 2: On the layers panel, enter the inputs as identified in themprstaltement.

Step 3: SeledExceptions, click onEdit Exception to open the exceptions properties for
subgrade panel, and then add the &w@d and type 0.01 for k-value. ClicdBK
to close the exceptions properties for subgrade panel

_ ol x|
I File: Modules Run  Options  Help |
Geometry  Areas I:ayerslgubgrade Joints  Temperature Load Woids  Analysis Options
|ZéomITUU ﬁ Show Meshl™  Show Laadfe | Layer 1 E Stiaw Layzr dreas—
Input File ID:|  Example281
& \wirkler oy Temperature analysis: Uo_
i tdax number of iterations:| 0
" Spring  Ker —
Batch pracessing: I_No
Mumber of batch cases: 1
Subgiadz K: 100 I
Ylasav and Ken G: Status BReview Status
Keer Ku: Geomety O u
o e
Desciiption
Mumber of Areas: |1 Insert | Dielete
" Default Wlasow
Subgrade Kem o
By o Area name s andﬁKen ki Description
% Exceptions | papp [#]Void
0F
| | | /i

Figure E29-3: Edit Inputs for the Subgrade Module

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 10.

Temperature Module

This module is not required for the problem.

Analysis Options Module

This module is not required for this problem.
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The main panel should display the pavement structure, loading condition, dridgrasshown
in Figure E29-4.

._r-'m_]SIabZDDD [C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Task4\temp04 ) Taska' — IEllil
“ File Modules Run Options  Help |
‘ Geometry  Areas Layers Subgrade Joints Temperature Load Yoids  Analysis Options
‘ZoomlWD ::II Show Mesh[w  Show Load v |Subg[ade E Show Layer Areas o
Input File ID: Erample281
Temperature analysis: Mo
Max. number of iterations:| 0
Batch processing: Mo
MHumber of batch cases: 1
Status Review Status
Geometry | | |
Areas O | |
Layers O | |
Subgrade | | |
Jaints O | |
Temperature
Load 1 |
Woids
| | | /
Figure E29-4: Main Panel After the Completion of Inputs
Analysis Results
Stress type Without void potential (Example 10)  Withd potential (Example 29)
Corner deflection 0.03512 0.03935
Transverse stress at top of PCC 38.9 52.1
Longitudinal stress at top of PCC 47.5 51.8

Table E29-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgregssgses and positive
value of deflection indicates deflection in downward direction.
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ISLAB2000 stress and deflection contours are also available in Figures tB&ugh E29-7.
Comparison of the results between with and without void potential isrstmokigure E29-8.

5= 15LAB2000 - C:\Dox

FLE

Layer1 = Top [

cuments and Settings\vongchus \My Docum

4\Examples\Examplenew29_1_1_1_1_1_3.0u2

¥ Stresses Bl =

X
Stresses in X-di1 LY on

|
»
b
3

Figure E29-5: Transverse Stress at the Top of the PCC Slab

b2.1
434
302
171
4.0
8.2
223
-364
-48.6
617
=748
-8749
-1011
-114.2
-1186

2 15LAB2000 -

_ | Layerl = Top ®
Exit

Y Stresons

| Qpen Copy

X
Stresses in Y-di LY on

L}

Figure E29-6: Longitudinal Stress at the Top of the PCC Slab

-187 -



Part II: Examples

g o

G & & 6 = & | m

Rotate X-rot. Y-rot Zorot Scale Zoom | Reset

Deflections

About

F B oo

Layeri = Bottom = | Deflection 4
Open Copy  Exit

0.03936
. 0.03814
0.03632

0.03450
0.03268
0.03086
0.02904
002722
- 002540
0.02368
002177
0.01996
001813
0.01631
0.01670
Figure E29-7: Deflection of the PCC Slab
60
0.045
0.040 50
0.035 @
£ 2 40
g 0.030 g
g B
0.025
g £ 30
T 0.020 E
T 8
g 0.015 s
O
0.010
10
0.005
0.000 ; 0 :
Without void potential (Example 10) With void potential (Example 29) Without void potential (Example 10) With void potential (Example 29)

B Transverse stress at top of PCongitudinal stress at top of PCC

Figure E29-8: Comparison of the Results Between with and Without Void Potential
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Example 30:
Three-layer System

Problem Statement

Analyze the pavement system in Example 8, but consider a three-layen §y§&€, DAGB,
sand subbase) instead of the two-layer system. Then, compare the aasalyssvith the results
in Example 8.

Given

Sand sub base thickness = 20 in.

Problem Illustration

Tie bars $0.5m. @ 36, clc

Dowelbars $125@ @ 12in ofe @

—/ - 10m Epee, %pee, Hpee:
4 i 144 in
T 18 ky T
1 £ 1 161
! FNY Y NN (NN (N A TN N [N N NN NN NN Y TN NN S TN [N N |
—t T 1 T 1 S L L L | NN FR N B R — )
201
120 m
| | o | ‘ﬂ‘
180 in. 180 in. 180 in.

Figure E30-1: Problem lllustration

-189 -



Part II: Examples

Solution

Geometry Module

Use this module from Example 8.

Layers Module
(see Figures E30-2)
Step 1: Follow steps 1 through 4 of this module in Example 8.

Step 2: Add a third layer, and then enter the layer properties for sarabedsh
illustrated in Figure E30-2.

Step 3: ClickOK to close the layers panel.
I =T

File Modules Run DOptions  Help |

Geometry  Areas | Layers Subgrade Joints Temperature Losd Yoids  Analysis Options

Zoom 100 ::II Show Mesh™  Show Loadl™ | Layer 1 E Shovy Layer Sreas[

. r + | Innut File ID:| Example2d
erctue anchsis [ Mo
Number of lapers: E Add Layer | Delete Layer | ke number of iterations: | 0
Layer 1 | Laper2  Layer3 | ch processing: Ma
mber of batch cases: 1
I arne: ILayErB
Thickness: 20.000 = Besdey Stahis
i
Elastic Modulus | 1 5004 e 0o =
Fas
Paizson Ratio: 0350 o O n
Coaefficient of Thermal Expansian: 3006 borade O [ ]
Uit Weight: 0.0810 ints t (] | |
MPErStUre
Interface with above Layer: | Totski Model 'I ad O n
Interface K-value [Totski Model) 1.00e+4 ids
Description:
‘ % Default " Batch £ Exceptions | Edit Batch ‘ Edit Erceptions |
% Uniform eross section € Monuriform cross section | Edit Cross Section | ok |

| | \ /i

Figure E30-2: Edit Inputs for the Layers Module

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 8.

Temperature Module

This module is not required for this problem.
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The main panel should display the pavement structure, loading condition, arndgrasshown
in Figure E30-3.

[®)151ab2000 [C:\Documents and Settings\vongchus\My Documents\MDOTQR4\Taska\temp04|Taska|Fia mples\E - o] x|
File Modules Run Dptions  Help |
Geometry  Areas Lawers Subgrade Joink: Temperature Load Woids  Analpsiz Ophions

“ Zoom |'I an _l; ShowMesh®  Show Load[V Layer 1 E Shiow Laver freaslT

=== - - - == -

Input File ID;|  Examplz23
Temperature analysiz: Mo
Max. rumber of terations: | 0
Batch processing: Mo
Mumber af bat_c:h cazes: 1

Status Heview Status
Geometry | | |
AEaE
Lamers O [ |
Subgrade O |
Joints | |
Temperatun:z
Load | |
Vaids

| | | /
Figure E30-3: Main Panel After Completion of Inputs
Analysis Results
Pavement system Transverse stress at bottom of PCC ngitudinal stress at bottom of PCC
Two-layer (Example 8) 72.1 114.5
Three-layer (Example 30) 70.3 112.1

Table E30-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgregssgses and positive
value of deflection indicates deflection in downward direction.
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Figure E30-4 illustrates relationship between maximum stresses agmgravsystem.

140
120
100

80

60

Maximum stress, psi

40

20

Transverse stress at bottom of PCC Longitudinal stress at bottom of PCC

O Two-layer (Example 8@ Three-layer (Example 30)

E30-4: Relationship Between Stresses and Pavement System
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Example 31.:
Non-linear Temperature Profiles

Problem Statement

Analyze the pavement system in Example 9, but consider the two non-linearaemgprofiles
identified in Figure E31-1 instead of a linear temperature @ifitéal of +20°F. Then, compare
the analysis results with the results in Example 9.

Tie bars $0.5in. @ 36 in. clc !

Problem Illustration

Dowelbars $1.25m @ 12m. ofc Tiop
10 E pee, apcc, Hypce
:: :: 7 Thnttnm
T T 16in
-+ -+ 144
T 18 kups T
I I NN N NN NN Y (NN N Y Y N N N S N N Y N NN N |
L L L L T T T T T 1 T T T T T 1
Layer temperature, °F
120 in. 20 40 60 20
. 05 »
E Tiop
3‘ Profile 1
4 Profile 2
le e € >| ‘é o
=
180 in. 180 . 180 in. E . Tryig-tager
=
T
§' hottom

Figure E31-1: Problem lllustration
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Solution

Geometry Module

Use this module from Example 8.

Layers Module

Use this module from Example 8.

Subgrade Module

Use this module from Example 8.

Joints Module

Use this module from Example 8.

Load Module

Use this module from Example 8.

Temperature Module
(see Figures E31-2 and E31-3)

Step 1:
Step 2:
Step 3:

Step 4:

Step 5:

Step 6:
Step 7:

ClickTemper atur e to open the temperature properties panel.
Select theerform Temperature Analysis and theBatch check boxes.

Seledlonlinear in theType field for layer 1, seledBatch, and then clicledit
Batch to open the layers temperature distributions panel.

On Layer 1, enter the identified layer temperatures fowthprofiles as shown
in Figure E31-2.

On Layer 2, enter zero in the other temperature differembakabe base layer
(see Figure E31-3.)

ClickOK to close the layers temperature distributions panel.

ClickOK to close the layers temperature properties panel.
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S [=] ]

Eile Modules Run  DOptions  Help

.

Jﬁeometw Areas Layers Subgrade Joints | Tempersture Load Voids  Analysis Options
JZoomIWD ﬂ Show Meshi™  Show Load[ | Layer 1 ESthLayerAreasr

Input File ID:| Exarnple30

ilysis: Yes
berations:| 10

Insest Delete L v

Layer 1 | Layer 2 I cases | 2

Layers Temperature distributions

Layer 1: N onlinear temperature distribution

Heview Status

Irjsert-.Terﬁperature No_de | Delete Temperature M ode |
5 | 10 | -
0 45.00 40.00
i | 60.00 55.00 40,00

ooooo o
EEEEE N

Figure 30-2: Edit Inputs for the Temperature Module
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us\My Documents\MDOTOR I [ 5

— Temperatures S =
M Layer | Type Difference] Top | Middle | Bottom |Reference|« —| Input File 1D: Example30
L °
M 2 Linear ; 0
Inzert | Delete | Ha
Layer1 Laver2 | 1
Layer 2: Linear temperature dizstribution Vi
Case |Difference| | |
B 1 0.oag
4 ) n
I Batch  EdiBatc u
| |
||

| | | P

Figure E31-3: Edit Inputs for the Temperature Module (continued)

Analysis Options Module
Use this module from Example 4.

The main panel should display the pavement structure, loading condition, éndgrasshown
in Example 8, Figure E8-12.

Analysis Results

Temperature characteristic ~ Transverse stress atrbatf PCC Longitudinal stress at bottom of PCC

Profile 1 80.9 165.4
Profile 2 198.5 283.0
Linear (Example 9) 139.7 224.5

Table E31-1: Analysis Results

NOTE
Positive and negative values of stress signify tensile and comgressigses and positive
value of deflection indicates deflection in downward direction.
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Figure E31-4 illustrates relationship between maximum stresses anddayperature
characteristic.

300

250

200

150

100

Maximum stress, psi

50 -

Transverse stress at bottom of PCC Longitudinal stress at bottom of PCC

O Profile 1 m Profile 20 Linear (Example 9)

E31-4: Relationship Between Stresses and Layer-temperature Characteristic
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Part Ill: Practice with Actual MDOT Designs

Problem Statement
Use ISLAB2000 to compute the following:

a) Maximum longitudinal stress at the bottom of the PCC slab under 18-kijes axhey
edge loading

b) Repeat part a) with a thermal gradient of Fin.

c) Maximum longitudinal stress at the top of the PCC slab under 18-kips axigleorner
loading

d) Repeat part c) with a thermal gradient of~An.

Design PCC thickness Base thickness k-value Jointsga@uter lane width Shoulder width Shoulder type Jdegign
No. (in.) (in.) (psifin.) (in.) (in.) (in.)

1 11.8 15.7 99 315 144 120 PCC

2 11.0 3.9 129 315 144 120 AC %
3 11.0 3.9 129 315 144 120 AC §
4 11.0 3.9 129 315 144 120 AC é
5 11.0 3.9 169 177 168 96 AC E
6 9.4 3.9 158 177 168 96 AC ?'.:
7 9.4 3.9 158 177 168 96 AC g
8 9.4 3.9 158 177 168 96 AC _%
9 10.2 15.7 221 177 144 - Valley gutter E
10 11.0 3.9 129 315 144 120 PCC 5
11 9.4 3.9 140 315 144 - Valley gutter %
12 10.2 3.9 158 177 144 120 AC 8
13 10.2 3.9 88 315 144 120 PCC

14 10.2 3.9 151 315 144 144 PCC

Table P1: Recent MDOT Rigid Pavement Designs
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Answer Key

Design No. 1
a) 87.1 psi,

Design No. 2-4

a) 115.6 psi,

Design No. 5
a) 97.1 psi,

Design No. 6-8

a) 119.2 psi,
Design No. 9
a) 102.2 psi,
Design No. 10
a) 92.0 psi,
Design No. 11
a) 122.8 psi,
Design No. 12
a) 129.5 psi,
Design No. 13
a) 110.5 psi,

Design No. 14
a) 98.9 psi,

b) 557.5 psi,

b) 573.5 psi,

b) 291.7 psi,

b) 372.3 psi,

b) 378.4 psi,

b) 551.6 psi,

b) 549.1 psi,

b) 349.7 psi,

b) 539.6 psi,

b) 553.0 psi,

) 9.7 psi,

c) 21.5 psi,

¢) 0.9 psi,

) 2.4 psi,

c) 3.8 psi,

¢) 13.2 psi,

c) 23.3 psi,

c) 4.7 psi,

c) 14.9 psi,

¢) 15.7 psi,
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d) 426.1 psi

d) 383.8 psi

d) 152.6 psi

d) 191.0 psi

d) 225.7 psi

d) 384.9 psi

d) 389.3 psi

d) 153.3 psi

d) 370.7 psi

d) 394.4 psi






